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Wavelengths, energy levels, ionization energies, line classifications, oscillator 
strengths, and atomic transition probabilities for Cr v to Cr XXIV are tabulated. A 
short review of the line identifications and wavelength measurements is given for 
each stage of ionization. Grotrian diagrams are given to provide graphical overviews. 
The literature has been surveyed through December 1991. 
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This work is part of a series of compilations of spectra 
of highly ionized atoms of particular interest to the fusion 
purities from wall materials of fusion machines or are 
specifically injected into the hot plasmas for diagnostics. 
A significant amount of new work on these spectra has 
been published in recent years. We have critically 
compiled these data in separate monographs for each 
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element, including wavelengths, classifications, intensi
ties, transition probabilities, Grotrian diagrams, and a 
short review of the literature for each ion. Our published 
compilations include Ti, V, Fe, Co, Ni, Cu and Mo. I

-
7 

The present work contains data for Cr V to Cr XXIV. 

An relevant papers published through December 1990 
were collected and surveyed, and the best measurements, 
in our judgement, were included in the tables. We con
sulted the following comprehensive compilations: For 
wavelength data Kellt, for forbidden lines arising within 
ground configurations of the tYpe ns 2np" en = 2 and 3, 
k = 1 to 5) Kaufman and Sugar9

, and a review article by 
Fawcett lO

• 

Sugar and Corlissll have published a comprehensive 
critical compilation of energy levels for the iron-group el
ements K to Ni in all stages of ionization. Their values are 
adopted for this compilation, except where superseded by 
more recent data. For the He- and H-sequences, only 
theoretical results are given since they are considered to 
be more accurate than the experimental values. The lat
ter are cited in the brief review. 

Atomic transition probability calculations in various 
approximations, including multi-configuration Dirac
Foek, have been reported for allowed and forbidden tran
sitions. Brief reviews of these theoretical data are given in 
the critical compilation of allowed and forbidden lines by 
Martin et al. 12 We quote their values for the osci11ator 
strengths (f) and transition probabilities (A). 

In cases where no experimental wavelength data are 
available but for which calculated f-values exist, the 
quoted wavelengths (A) are calculated from the known 
energy levels using the Ritz combination principle. The 
wavelengths are then used to calculate A -values from the 
I-values. 

We tabulateA -values and gf-values in order to provide 
a measure of the strength of the lines. When these are not 
available. we list the rough line intensity estimates pro
vided in the literature. TheA -values (orf-values) may be 
utilized to obtain line intensities from the general rela
tion between the line intensity (1) and transition proba
bility 

where Nu is the population of the upper energy level. 
The level populations are source-dependent and are
especially for low density plasmas - difficult to estimate. 
However, for small energy ranges relative populations 
may follow Boltzmann distributions, or may even be esti
mated as constant, aside from the statistical weight fac
tors gu = 2Ju + 1 (where J is the total angular momentum 
quantum number). Thus for two emission lines originat
ing from closely spaced upper levels one may estimate 

For some spectra, A -values are available for numerous 
lines and intensity estimates for still others. In these 
cases, we give both A -values and intensity estimates in or-
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der to provide a rough correlation between them. We 
caution that intensity estimates in experimental work are 
usually visual estimates of relative plate blackening. 
There is generally no correlation between intensity esti
mates by different authors, or by the same author for 
widely different wavelength ranges. 

We give wavelengths in air above 2000 A and in vac
uum below 2000 A. For conversion of ionization energies 
from cm -1 to e V, we use the conversion factor 
806S.5410±0.OO24 cm-1/eV given by Cohen and Taylor13, 

In the following section we give brief comments on 
each ion, including the accuracy of the wavelength data. 
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2. Brief Comments on Each Chromium Ion 

Cr V (Ca sequence) 

Ionization energy 560200 cm- 1 (69.46 eV) 

Ekberg l classified 134 lines as 3d 4s - 3d 4p, 3d 4p -
3d 4d, 3d 4p - 3d 5s, and. 3d2 

- 3d 4p transitions in the 
range of 433 - 1837 A. The observations were made with 
a vacuum spark. An estimated wavelength uncertainty of 
± 0.01 A was reported. The lines at 1042.544 A, 
818.803 A, and 438.618 A are blended. 
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Cr VI (K sequence) 

Ionization energy 731 020 cm -1 (90.6356 e V) 

Alexander et al.2 obsetved the 3d - nf (n = 5 10) dou
blets in the range of 144 176 A. Gabriel et al. 3 found the 
4f2po term, replacing an earlier value reported by Kruger 
and Weissberg4. Gabriel et al. 5 identified the transitions 
from the levels of 3p53d2 to the ground term in the range 
of 201 - 227 A. Feldman and Fraenkel6 obsetved 17 lines 
in the range of 161 - 174 A, which were subsequently 
ascribed to the 3p

fi
3d - 3p 53d 4s iImer·shell transitions 

by Cowan7• The first obsetvation of the 4p-4d 
transitions was reported by Fawcett8

, who identified the 
3p 64p 2p~!2 - 3p64J 2D:J/2 line at 942.7'i A and the :ip 64p 
2P312 - 3p 64d 20512 line at 957.01 A. New and more exten
sive measurements were carried out by Ekberg9 with a 
vacuum spark discharge. He identified 95 lines in the 
range of 144 - 2496 A classified as transitions among 57 
levels of the 3p 6ns (n =4-6), np(n =3-5), 
nf(n =4 10), ng(n = 6 -7), 3p 53d 2

, and 3p 53d 4s config
urations. Wavelengths in vacuum are given for an1ines, 
including those above 2000 A. The reported uncertainties 
are ± 0.004 A for lines below 385 A and ± 0.01 A for 
those ahove 420 A. The 3p 63d 2nSI2 - ?tp53d (lPO)4s 4p~/l 
line at 174.17 A and the 3p 63d 20312-3p 53deDO)4s 2D~12 
line at 161.65 A in Ref. 7 have been deleted because they 
were not obsetved by Ekberg. 

The level values of 619 419 cm- 1 and 618491 cm- 1 for 
the 3p53d CDO)4s 2D312,512 levels in Ref. 9 are apparently 
misprints and have been interchanged. 

Cr VII (Ar sequence) 

Ionization energy 1 291 900 cm- 1 (160.18 eV) 

The 3p 6 - 3p 5nl transitions were obsetved by Kruger 
and WeissberglO for nl = 4s ,5s, by Alexander et al.2 for 
nl = 4d, and by Alexander et al. ll

, Feldman et al. 12 and 
Gabriel et al.3

,5 for nl = 3d . Wagner and House 13 
classified the 3p53d 3p 54f transitions. New obsetvations 
of the spectrum were reported by Ekberg14, comprising 
138 lines in the wavelength range of 92 - 1448 A obtained 
with a vacuum spark discharge. Two lines at 92.128 A 
and 92.969 A are from unpublished work of Edlen. Ek
berg's list contained transitions among 60 levels of 
the 3s 23p 5nl (nl =3p, 3d, 4s, 4p, 4d, 4/, 5s, 5d, fu') and 
3s3pfinl (nl = 3d,4p) configurations. The classification 
3p53d 3PT - 3p5epj/2)4f 2elz]1 for the line at 166.560 A 
contains a misprint and has been changed to 3p 53d 
3p~ _ 3p5ep3/2)4f 2[31z]z. 

Classifications of inner-shell transitions were given by 
Kastner et al. 15 in the range of 71 102 A with a similar 
light source. They identified five new lines, belonging to 

the 3s23pfi-3s3p 6np (n =4,7) transitions, with an esti
mated uncertainty of ± 0.005 A. 

Cr VIII (CI sequence) 

Ionization energy 1490000 cm- 1 (184.7 eV) 

The transitions 3s 23p 5 
- 3s3p 6 were first identified by 

Weissberg and Kruger16. Smitt et a/. 17 obtained the values 
430.713 ±O.008 A and 413.112±0.OO8 A in a vacuum 
spark. The latter line was reobsetved in a solar flare by 
Derel8 at 413.00 ± 0.03 A. 

Gabriel et a/.3
,5 identified the 3p s - 3p4eD)3d lines. 

Their wavelengths were remeasured by Fawcett and 
Gabriel19

• who also classified six new lines in the range of 
201 - 221 A. The parent term has been changed from ID 
to 3p for the upper levels 3p 43d 2p and 20, as indicated by 
the calculations of Fe x by Bromage et al.20 

The 3p ::J zpo 3p44s zp doublet was obsetved by Weiss-
berg and Kruger16 in the range of 132 - 135 A. Edlen21 

reobsetved the spectrum from 124 to 136 A with a vac
uum spark and identified not only the additional 
2po_2D,2S doublets but also the 2pO_4p spin-forbidden 
transitions. 

Fawcett et al.22 obsetved six lines of the 3p 43d - 3p44f 
array with an estimated uncertainty of ± 0.02 A and 
seven lines of 3p 5 - 3p 44d with an estimated uncertainty 
of ±0.015 A in the ranges of 143 -147 A and 
102-107 A, respectively. The spectrum was obsetved in 
a laser-produced plasma. 

Cr IX (S sequence) 

Ionization energy 1 688000 cm- 1 (209.3 eV) 

Fawcett8,23 identified the 3s 23p4 - 3s3p 5 array in the 
range of 363 - 433 A. Improved measurements with vac
uum spark spectra were made by Smitt et ai. 17 who ex
tended the range of observations to 327 - 433 A. In 
addition to the lines previously obsetved by Fawcett, they 
reported the ISO - Ip~ line at 418.925 A and the spin-for
bidden 3pz - Ip~ line at 327.267 A. Wavelengths are from 
Ref. 17. Their uncertainty is estimated to be ± 0.008 A. 

Gabriel et ai.5 and Fawcett and GabrieP9, identified 
three lines each of the 3p4 3p 33d arrays with a vacuum 
spark. This work was extended by Fawcett23, who mea
sured a theta-pinch spectrum with an estimated uncer
tainty of ± 0.05 A in the range of 209 - 224 A. He 
identified nine lines. Except for the. 3P2 - eSO) 3D~ line at 
210.61 ± 0.02 A remeasured by Dave et al. 24 in a tokamak 
plasma, Fawcett's results are given. 

Eleven lines of 3p 4 - 3p '4.r transitions in the range of 
117 123 A were identified by Edlen25 in vacuum spark 
obsetvations. 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 
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Fawcett et al.22 identified seven lines in a laser
produced plasma in the range of 127 - 130 A as belonging 
to the 3p33d - 3p34J array and six lines at 96 - 98 A as 
3p4 - 3p34d. Wavelengths of these transitions were mea
sured with uncertainties estimated to be ± 0.02 A and 
± 0.015 A, respectively. Additional identifications were 
given by Fawcett et al.26 

The magnetic-dipole transition 3p 4 3pz - IDz, identified 
at 3302.8 A by Jefferies et al.27 from solar coronal obser
vations, has been dropped because it does not fit the level 
scheme adopted here within their estimated uncertainty.' 

Cr X (P sequence) 

Ionization energy 1 971 000 cm -1 (244.4 e V) 

Sandlin et al.z8 and Feldman and Doschek29 identified 
the magnetic-dipole transitions· 3p 3 4S~!2 - 2p1!2.3/2 in the so
lar corona. The wavelengths of 1564.10 A and 1489.04 A 
are adopted from the latter article. 

Fawcett and Peacock30 and Fawcett8
•
23 identified the 

3s 23p 3 
- 3s 3p4 transition array in the range of 

333 - 427 A. Smitt et al.17 extended the range to 333 - 448 
A and found 16 lines, including seven new lines, for this 
array in a vacuum spark discharge. Their results are given 
with an estimated uncertainty of ± 0.008 A. 

Gabriel et al.3,5 observed the 3p 3 2Ds/2 - 3p 2ep)3d 2F7/2 

transition at 216.72 ± 0.05 A. In their article, the parent 
state of the upper term was designated as ID, instead of 
jP. Fawcett et al.31 identified the 3p 3 4S0 - 3p 2CP)3d 4p 
resonance transitions in the range of 223 - 226 A. With a 
theta-pinch plasma, Fawcett23 extended the analysis of 
the 3p 3 - 3p 23d transitions ill lh~ range of 216 254 A. 
The uncertainty of the wavelengths is estimated to be 
±0.05 A. 

The 3p 23d - 3p 24f and 3p 3 - 3p24s transitions in the 
ranges of 115 -117 A and 106 -114 A were identified by 
Fawcett et al.22 in a laser-produced plasma and measured 
with an estimated uncertainty of ± 0.015 A. 

Cr XI (Si sequence) 

Ionization energy 2 184 000 cm -1 (270.8 e V) 

Jefferies et al.27 and Svensson32 ascribed the line at 
3996.8 ± 0.4 A (in air) measured by J efferies33 in th e solar 
corona to the magnetic-dipole transition 3s 23p2 3P2 -ID2' 
Jefferies et al. also proposed the 3P l -ID2 transition for 
the line at 3167.0 A, but this line has not been adopted 
here because it does not fit with the present level scheme. 
A new line at 3178 A was proposed for this transition by 
Magnant-Crifo34 in the solar coronal spectrum. Sandlin 
et al.28 identified a coronal line at 1440.01 A as the 
3p 1 - ISo transition. 

Fawcett8
•
23 interpreted the 3s 23p 2 - 3s 3p 3 transition ar

ray in the range of 285 - 431 A. Improved wavelengths 
with an estimated uncertainty of ± 0.008 A were given by 
Smitt et al. 17 for 14 lines, including the spin-forbidden 
transition 3P2 - ID~ at 339.446 A, using a vacuum spark 
discharge. Recently, two additional 3P2,1 - 5S~ spin-forbid
den transitions at 600.7 ± 0.4 A and 78.0 ± 0.8 A were 
identified by Trabert et aJ .35 in a beam-foj] spectrum. The 
ISO - Ip1 line reported at 334.95 A in Ref. 8 has been 
omitted because of its disagreement with the new level 
scheme. 

Fawcett23 provided classifications of twelve lines of the 
3p 2 - 3p 3d array in the range of 226 - 256 A in a theta
pinch plasma. The uncertainty of the wavelengths is esti
mated to be ±0.05 A. The 3p3d -3p4/, 3p2-3p4s and 
3p 2 - 3p 4d transitions in the ranges of - 105 A, 
98 - 101 A and - 82 A, respectively, were identified by 
Fawcett et al.22 in a laser-produced plasma. The uncer
tainty estimate for their wavelengths is ±0.015 A. We 
have adopted their results only for the 3p 2 - 3p 4s transi
tions. For the others, Kastner et al.36 provided more com
plete identifications than Fawcett et al. They also 
identified the transitions 3s3p 3 ID~ - 3s23p4f 3G3 and IF3 
at 100.09 A and 99.13 A. 

Cr XII (AI sequence) 

Ionization energy 2 404 000 cm -1 (298.0 e V) 

Jefferies et al.27 ascribed the Hne at 8153.8 A (in air) 
measured by J efferies33 in the solar corona to the mag
netic-dipole transition 3s 23p 2p?/2 - 2p~/2. 

Trabert et al.35 observed the 3s 23p 2po - 3s 3p 2 4p spin
forbidden transitions in beam-foil spectra, with estimated 
uncertainties ranging from 0.4 A to O.R A.. 

Gabriel et al.5 and Fawcett et al.31 identified the 3s 23p 
2po _ 3s 23d 2D doublet. The 3s 23p - 3s 3p 2 array was given 
by Fawcett and Peacock.30 These were followed by 
Fawcett8•23 who added the 3s3p2 4P_3p 3 4S0, the 3s z3p 
2po 3s3p2 2S, and the 3s 23p 2Pf!2 - 3s3p2 2P3/2 lines. These 
results were revised and extended by Litzen and 
Redfors37 and Redfors and Litzen38 in ubservatiuns uf 
laser-produced plasmas in the range of 220 - 471 A. They 
reported 46 transitions among the levels of in the 3s 23p, 
3s3p2, 3s 23d, 3p 3, and 3s3p3d configurations. Wave.
lengths were measured with an estimated uncertainty of 
± 0.02 A. We adopt their results together with their en
ergy level values. The line at 412.46 A identified by 
Fawcett23 as the 3s23p 2P3i2 - 3s3p2 2D3!2 transition has 
been omitted, because it was not confirmed by Redfors 
and Litzen. 

The 3p 2po - 4d 2D doublet was identified by Edlen.39 at 
-76 A. Fawcett et al.4O identified the 3d 2D - 4/ 2p dou
blet and the 3s 3p 3d 4p - 3s 3p 4/ 4G and 3s 3p 2 
4P-3s3p4s 4po quartets in the range of 90-101 A. 
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Cr XIII (Mg sequence) 

Ionization energy 2 862 000 em -1 (354.8 e V) 

Classifications of the n = 3 - 3 transitions were made in 
a series of articles of Fawcett et al.31 , Fawcett and 
Peacock30

1) rawcett8, and Fawcett et al.22 for the transi
tions among the levels of the 3s 2, 3s 3p, 3s 3d, 3p 2, and 
3p3d configurations. Litzen and Redfors41 reobserved the' 
spectrum in the range of 228 - 635 A in a Jaser-produced 
plasma and identified 42 lines, including 20 lines of t,ve 
earlier work. Wavelengths were measured with an esti
mated uncertainty of ± 0.02 A. Their wavelengths and 
energy levels are adopted. However, the 3s3d 102 - 3p3d 
ID~ line at 634.78 A differs by about 0.05 A from the pre-' 
dicted wavelength. We have revised the upper 3p3d 10~ 
level to 819961 em-I. The 3p2 3po-3p3d 30Y line at 
269.47 A is perturbed. The 3S 21So-3s3p 3Pt transition at 
4~2.17 ± 0.U2 A. and the ISO - I P'i' transition at 
328.267 ± 0.004 A were observed in a tokamak plasma by 
Peacock et al.42 Their measurements are the most accu
rate for these lines. 

The 3p 3d - 3d2 transitions were identified by Levashov 
and Churilov,43 Redfors44 and more completely by 
Churilov et al. 45 whose observations in the range of 
252 - 353 A with a laser-produced plasma have an uncer
tainty of ± 0.02 A. Wavelengths of Redfors given to the 
third decimal place are adopted except for a blended 
3p3d 3F4 - 3d z 3F4line at 269.446 A. For this line, we have , 
adopted 269.411 A from Ref. 45. The designations of the 
lower 3p 3d 3Pf and 30ilevels in Ref. 45 have been inter
changed, according to the level scheme of Litzen and 
Redfors.41 Futhermore, 25 cm- 1 is added to the 3d 23

Pl,2 

levels to improve agreement with the observed 
wavelengths. The line at 305.87 A is blended and tenta
tively identified as the 3p 3d 3D2 - 3d 2 3P3 transition. 

Edlen39 first identified the triplet system of the 
3s3p 3s4s, 3s3p -3snd (n 4,5), and 3s3d -3sn[ 
(n = 4,5) transitions in the range of 53 - 92 A, together 
with the 3s 2 IS - 3s 4p Ipo resonance line at 66.983 A. Sin
glet levels were identified by Fawcett et al.40 for the 
3s3d -3s4[ transition at 97.25±0.01 A and by Fawcett 
et al. 22 for the 3s 3p - 3s 4d and 3p 2 - 3s 4[ transitions at 
76.17 ± 0.015 A and 82.79 ± 0.015 A. Fawcett et al.40 also 
provided ten Hnes of the 3p3d -3p4f transitions in the 
range of 90 97 A. Identifications of the 3s 3d 3snf 
(n =6,7), 3p2-3p4s, 3s3p -3sns (n =4-6), 3s3p -3snd 
(n =5,6), 3p2-3p4d, 3s 2-3snp (n =5-7), and 
3s 3p - 3p 4p transitions in the range of 40 - 92 A are 
taken from Fawcett et al. 26 

Cr XIV (Na sequence) 

Ionization energy 3098520 cm- 1 (384.171 eV) 

FaWcett et al.31 and Fawcett and Peacock30 identified 
five lines of the 3s - 3p and 3p - 3d transitons in the 
ranges of 389 - 412 A and 289 - 302 A, respectively, in a 
laser-produced plasma. These n = 3 - 3 lines were remea
sured in Refs. 46, 22, 47, 18,42 and 48. An isoelectronic 
comparison of the measured wavelengths, including the 
3d 4[ doublet, with Oirac-Fock calculations was made 
by Reader et al. 41J for ArH to Xe4

3+, and least squares ad
justed wavelengths were derived. The overall uncertainty 
estimate is ± 0.007 A. We give these results. Levels of the 
2p 63p, 2p 63d, and 2p 64[configurations have been derived 
from these waveJengths. 

Jupen et al.50 ascribed the line at 281.67 ± 0.05 A, mea
sured by Buchet-Poulizac et al.48 in a beam-foil spectrum, 
to the core-excited 2p 53s3p 407/2 - 2p 53s3d 4F912 transi
tion. 

The 4/ 2p - 5g 2G and 4d 2D - 5f 2p doublets at 
- 205 A and -187A. were identified by Lawson and 
Peacock.51 Their observations were made in a laser
produced plasma with an estimated uncertainty of 
± 0.06 A. The 4d 2Ds12 - 5[ 2F712 line at 181.30 A is 
blended. 

Edlen52 identified the transitions 3s - np (n = 4,5), 
3p -4s, 3p -nd (n =4,5), and 3d -n[ (n =4-6) in vac
uum spark discharges. Except for the 3s -4p and 3p-4d 
transitions his results are quoted. The 3d - 4p lines at 
-101 A were identified by Fawcett et al. 40 

Identifications along Rydberg series have been taken 
from Fawcett et al. 26 for the 3d -nf(n = 9,10) and 3p -nd 
(n = 10,11) transitions and from Cohen and Behring47 for 
the 3s -np (n =4,6-9), 3p -ns (n =5-7), 3p -nd 
(n = 4,6 - 9), 3d - 5p and 3d - nf (n = 6 - 8) transitions. 

The inner-shell transitions 2p63s 2S112 - 2p S3s 2 2P312•112 at 
21. 770 ± 0.005 A and 21.467 ± 0.005 A were observed by 
Feldman and Cohen53 with a low-inductance vacuum 
spark source. 

Cr xv (Ne sequence) 

Ionization energy 8 151 000 cm- 1 (1010.6 eV) 

Edlen and Tyn5n54 and Tyren55 identified the 
2p6 - 2p 53s, 3d resonance lines in the range of 
18.5 - 21.2 A with a vacuum spark. Tyren's wavelengths 
are quoted here. These lines were reobserved by Klapisch 
et ale 56 in a tokamak plasma and by McKenzie and 
Landecker7 in the solar corona, both of whom also found 
the electric quadrupole line 2p6 1S0 - 4'53s eh,th)~. Its 
wavelength of 21.213 A is from Ref. 56. Below 17 A 
Tyren identified the ~22p6 - ~2p63p and 2p6 - 2p 54d 
transitions. Swartz et al.58 identified the 2p6 - 2p5nd 
(n = 5,6) transitions with a vacuum spark. The lines at 
15.788 A and 15.509 A in Ref. 58 are omitted because the 
upper 2p 54s Ch}h.)Y and eh}/Z)Y levels disagree with 
those of Jupen et ale determined in an isoelectronic 
study.59 
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The 3s - 3p and 3p - 3d arrays were observed by Jupen 
and Litzen60,61 in laser-produced plasmas and by Buchet
Poulizac et al.48 and Buchet et al.62 in beam-foil spectra. 
Wavelengths in the range of 240 - 471 A are taken 
mainly from Litzen61 but also from Poulizac et aJ. 48 and 
Buchet et al. 62 The estimated uncertainty of the wave
lengths varies from ± 0.02 A to ± o.lA. The doubly clas
sified line at 405.035 A in Ref. 61 and two lines at 
298.11 A and 240.2 A in Ref. 62 are compiled. The line at 
453.40 A in Ref. 62 is omitted, because it shows a large 
deviation of 1.65 A from the predicted wavelength, 
451.75 A. 

Kastner63 identified a coronal line at 1696.26 A as the 
2ps3s eh,I/2)Y - eh,Ih)8 transition. However, it is 
inconsistent with the levels of Jupen et al.59 

Finkenthal et aZ/14 identified five lines in the range of 
97 -111 A as the 2s 22p 53s - 2s 2p 63s transitions. Wave
lengths were observed in a tokamak cplasma with an un
certainty estimated to be ±0.02 A~ Three lines at 
111.27 A, 103.51 A, and 102.18 A of the lpi, 3Pi,2~3S1 
transitions are omitted, because the upper 3S1 level values 
obtained from these lines are inconsistent. 

The 3p - 4d transitions were first identified by Kastner 
et al.6S and also by Fawcett et al. 66, together with the 
3s - 4p and 3d - 4/ transitions. More complete and im
proved measurements were reported by Jupen et al.59 

from a laser-produced plasma. They found 54 lines, in
cluding of the 3p - 4s transitions, in the range of 
57 -79 A, which are quoted here. The estimated wave
length uncertainty varies from ± 0.005 to ± 0.01 A. We 
note that the wavelengths of 74.029 A and 63.016 A in 
Ref. 59 have been changed to 74.209 A and 63.061 A, be
cause they appear to be misprints. We have adopted the 
energy levels of Jupen et al. in the 2s22p531 and 2s22p541 
configurations, except for the predicted 2s 22p 5 epl(2,312)4! 
2[Slzh levels. 

Cr XVI (F sequence) 

Ionization energy 8850000 cm- I (1097 eV) 

Hinnov et al.67
, Peacock et al.42 and Finkenthal et al.68 

observed the magnetic-dipole 2s22p5 2P3/2 - 2P1/2 transition 
in tokamak discharges. The most accurate wavelength of 
1410.60 ± 0.02 A is given by Peacock et al. 

The 2s2'2ps 2po - 2s2p6 2S doublet was observed by 
Fawcett,69 Doschek et al.70 and Lawson and Peacock 
et at.51 in laser-produced plasmas, by Breton et al.71 and 
Dave et al.24 in tokamak plasmas, and by Buchet-Poulizac 
et al.48 in a beam-foil spectrum. Wavelength values of 
115.33 A and ·106.62 A with an estimated uncertainty of 
±0.03 A are taken from Ref. 51. 

Feldman et al.72 reported observations with a low
inductance vacuum spark, in which the transitions 
2s2p6_2s2p53s, 2p5_2p 43s and 2p5-2p43d in the range 
of 17 - 20 A were identified, revising and extending the 
earlier work of Cohen et al. 73 We give the Feldman et al. 
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results with an uncertainty estimate of ± 0.01 A. Four 
lines at 17.81 A, 17.86 A, 17.46 A and 17.38 A, belonging 
to the 2p5 - 2p 43d array, in Ref. 73 have been excluded, 
because these lines were not confirmed by Feldman et al. 
Remeasurement of the 2p5 - 2p43s, 3d transitions in the 
solar corona was made by McKenzie and Landecker,s7 
whose wavelengths agree with those in Ref. 72 within 
0.oo6A. 

Spector et aI.74 identified the forbidden transition 2p 5 

2P312 - 7p 4CD)4d 2FS12 at 13.528:t 0.005 A in a laser
produced plasma. This line has been omitted because it 
is an isolated unconfirmed identification. 

Cr XVII (0 sequence) 

Ionization energy 9560000 cm-1 (1185 eV) 

Four magnetic-dipoJe transitions withill the ground 
configuration were identified in tokamak discharges. We 
adopted the following identifications: the 3P2 - 3Pl and 
3Pl - ISo lines at 1656.3:!:: 0.2 A and 493.8 ± 0.3 A of 
Hinnov etal.67

, the 3p1 _
1D2 line at 1340.7 ± 0.4 A of 

Finkenthal et al.68 and the 3P2 - ID2 1ine at 740.75 ± 0.03 A 
of Peacock et al. 42 

The 2s 22p 4 
- 2s 2p 5 array was observed by Fawcett,69 

Doschek et al.70 and Lawson and Peacock51 in laser
produced plasmas, by Breton et al. 71 and Dave et al.24 in 
tokamak plasmas, and by Buchet-Poulizac et al.48 in a 
beam-foil spectrum. The measurements of Lawson and 
Peacock in the range of 94 -148 A are the most compre
hensive and their wavelengths are adopted here. The es
timated uncertainty of the wavelengths is ± 0.03 A. They 
also found the 2s2p5 lPf 2p6 ISO transition at 129.78 A, 
identified first by Doschek et al.75

, and the 3py - ISO tran-
sition at 97.20 A. . 

The 2p4 - 2p 33s array at -18 A was identified by 
Doschek et al. 76 Wavelengths With. an uncertainty esti
mated to be ± 0.01 A were measured in laser-produced 
plasmas. Some lines are doubly classified. 

The 2p4 - 2p33d array at -16 A was observed by 
Fawcett and Hayes 77 in a laser-produced plasma with a 
wavelength uncertainty of ± 0.01 A. Eight lines were clas
sified. 

Spector et al.74 identified the 'fp4 ID2 - 3p 3eDO)4d ID~. 
3~ transitions at 12.909 ± 0.005 A and 12.779±0.OO5 A in 
a laser-produced plasma. 

Cr XVIII (N sequence) 

Ionization energy 10480000 cm- I (1185 eV) 

Hinnov et a1.67 and Denne and Hinnov78 identified 
seven magnetic-dipole transitions within the ground COD

figuration in the range of 378 - 4039 A in tokamak 
plasmas. 
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Fawcett69 first identified the 2s22p3 2Do_2s2p4 2D, 2p 
doublets in a laser-produced plasma. Extended analyses 
were carried out by Doschek et al. 70 and Feldman et al.79 

New measurements of this array were made by Breton 
et al.71 and Dave et al.24 in tokamak plasmas, by Lawson 
and Peacocksl in a laser-produced plasma, and by 
Buchet-Poulizac et al.48 in a beam-foil spectrum. Wave
lengths are from the comprehensive measurements of 
Lawson and Peacock, who identified 20 lines in the range 
of 90 -150 A, including the spin-forbidden transitions 
from the 2D312, 2S1/2 and 2P3/2 terms to the ground 4S~!2' The 
estimated uncertainty of the wavelengths is ± 0.03 A. 

Lawson and Peacocks1 also identified seven lines in the 
range of 93 - 157 A of the 2s 2p 4 - 2p S array, including the 
2D - 2po doublet in the earlier works of Fawcett and 
Hayes77 and Doschek et al.75 Fawcett and Hayes77 and 
McKenzie and Landecker7 identified the 2p3 - 2p 23d 
transitions at 15.60 A in a Jaser-produced plasma and at 
15.519±0.01 A in the solar corona, respectively. 

Cr XIX (C sequence) 

Ionization energy 11 260000 cm-1 (1396 eV) 

The magnetic-dipole transitions within the ground con
figuration were observed in tokamak plasmas by Hinnov 
and Suckewer,80 Hinnov et al.67

, Denne and Hinnov/8 and 
Finkenthal et al.68 Wavelengths adopted here are taken 
from Ref. 67 for the transitions 3Pl,(O) - 3p2.(I) at 2885.4 A 
(in air) and 2090.9 A (in air), the 3PI ISO at 398.4 A, and 
from Ref. 78 for the 3P2,l -ID2 lines at 979.1 A and 
731.1 A. 

Feldman et al.79 and Fawcett and Hayes77 identified the 
2s 22p2_2s2p3 array in a laser-produced plasma. Breton 
et a1. 7! reohsetved these tramdtiom; in a tokamak plasma. 
Fawcett and Hayes also reported the 2s 2p 3 3D _ 2p 4 3p 

triplet. Tabulated wavelengths are taken from the more 
extensive observations of Lawson and Peacock,51 who 
gave identifications for 39 Jines due to the 2s".!2p".! - 2s 2p:> 
and 2s2p3 2p4 transitions in the range of 95 - 202 A. 
The uncertainties of the wavelengths are estimated to be 
±0.03 A below 180 A and ±0.06 A auovt:. Sumt: Jint:s 
were recently reobserved by Buchet-Poulizac et al.48 in 
beam-foil spectra and by Dave et al.24 in a tokamak 
plasma. The 2s 2p3 5S~ - 2p4 3P2 transition at 95.62;\ has 
been omitted because the lower 5S~ level position ob
tained with this line was found to be inconsistent with the 
predicted value by Edlen.81 

TFR group et al.82 identified four lines of the inner
she)) transitions Is22s22p 2 -1s2s22p3 at -2.2 A with a 
tokamak. 

Cr xx (8 sequence) 

Ionization energy 12070000 cm- 1 (1496 eV) 

The magnetic-dipole transition 2Pl12 - 2P312 within the 
ground configuration was observed in a tokamak plasma 
by Hinnov and Suckewer,80 Hinnov et al.67 and Finkenthal 
etal.68 The wavelength of 120S.9±O.3 A is from Ref. 67. 

The 2s22p - 152p2 array was identified by Doschek 
et al.83 and Fawcett and Hayes77 in laser-produced plas
mas and more fully by Breton et al.7

! in a tokamak 
plasma. Extensive measurements of both the 
2s 22p - 15 2p 2 and the 2s 2p 2 - 2p 3 arrays were made with 
a laser-produced plasma by Lawson and Peacock,s1 who 
classified 28 lines in the range of 116 - 272 A. Their re
sults are adopted here. The uncertainties of the wave
lengths are estimated to be ± 0.03 A below 180 A and 
± 0.06 A above. Recent reobservations of the 
2s22p - 2s2p2 array in a tokamak plasma are reported by 
Dave et al.24 The designation of the two levels 2s2p2 2Pl12 
and 2S112 has been interchanged, according to the sugges
tion by Edlen84 ,and the percentage compositions given by 
Sugar and Corliss.8S 

The 2s 22p -15 24/(1 =s,d) transitions at -11 A were 
identified by Spector et a/.74 in a laser-produced plasma 
with an estimated uncertainty of ± 0.005 A. They also 
identified two lines due to the 15 2p 2 - 2s 2p 3d transitions. 
Burkhalter et al.86 extended the identifications to 24 lines 
in the range of 14.0 -14.7 A with a similar light source. 
We give the latter wavelengths with an estimated uncer-
tainty of ± 0.003 A. . 

TFR group et al.82 obsetved four lines of the inner
shell transitions Is22s 22p -ls2s22p2 at -2.2 A. 

Cr XXI (Be sequence) 

Ionization energy 13 180000 cm- l (1643 eV) 

The ~ 2 ISo - 2~ '2p 3p~ transition was ohserved in the s.o
lar corona by Widing,S7 Sandlin et al.,88 and Dere}8 We 
give Dere's wavelength of 293.15 ± 0.03A. The resonance 
transition 2s 2 lSo-2s2p lpy was observed by Breton 
et al.n and by HinnovH~ in tokamak plasmas, and by 
Lawson and Peacocksl in a laser-produced plasma. The 
wavelength of 149.89 ± 0.02 A was taken from Breton 
et ul. Eut:rgy It:vds have been revised using these two 
wavelengths. Lawson and Peacock also identified the 
2s2p - 2p2 transitions, including the intercombination 
line. 3p~ - ID2, in the range of 154 - 260 A. The uncertain
ties of the wavelengths are estimated to be ± 0.03 A be
low 180 A and ± 0.06 A above 180 A. The n = 2 - 3 
transitions array in the range of 13 -14 A were first 
identified by Fawcett and Hayes 77 and more extensively 
by Boiko et al.90 and Boiko et al.9l in laser-produced plas
mas. Some of the lines are given as unresolved blends. 
The estimated uncertainty of the wavelengths is 
±O.003 A. New measurements were made by Spector 
et al.74 and Burkhalter et al.86, in general agreement with 
Boiko ct a1. It should be noted that the designation of the 
2s 2 lSo-2s3p IPf line at 13.123 A from Ref. 91 has been 
changed to 2s 2 ISo-2s3p 3py, according to Kim etal.92 
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TFR group et al.s2 identified the inner-shell transitions 
ls22s2p -ls2s2p2 and ls22s 2 -ls2s22p in the range of 
2.20 - 2.22 A. 

Cr XXII (Li sequence) 

Ground state Is215 2S1/2 

Ionization energy 13882000 cm- 1 (1721.4 eV) 

The 2s -2p resonance transitions were measured by 
Widing and Purcell,93 Sandlin et al.88 and Dere18 from so
lar coronal obselVations. They were also measured 'by 
Lawson and Peacocksl in a laser-produced plasma, by 
Grandin et aI.94 in a beam-foil spectrum, and by Hinnov,89 
Dave et al.,24 Knize et aI.95 and Hinnov et al.96 in tokamak 
plasmas. We give the wavelengths 279.729 ± 0.02 A and 
223.010 ± 0.02 A for the 15 2S1/2 - 2p 2Pl/2,3/2 lines from the 
measurements of Hinnov et al. Levels of the 2p 2po 
configuration are derived from these values. 

The first identification of the n = 2 - 3 doublets was 
made with a low-inductance vacuum spark by Goldsmith 
et al.97, from which the 2p 2p~/2,l/2 - 3s 2S1/2 transitions at 
13.549 ± 0.005 A and 13.393 ± 0.005 A are quoted here. 
Measurements in a laser-produced plasma in the range of 
9.4 -13.3 A with an estimated uncertainty of ± 0.003 A 
by Aglitskii et al. 98 provided the 2s - 3p, 2p - 3d, 2p '- 4d 
and 1$ - 4p doublets. The 2p 2p~/2 - 4d 2D3/2 transition 
identified with a blended line at 9.865 A has been omit
ted. 

The ls22p -1s2p2 and 1S22s -ls2s2p inner-shell tran- ' 
sitions were obselVed at - 2.2 A in tokamak discharges 
by TFR Group et al.82 and by Bryzgunov et al. 99 Apicella 
et al.1

°O remeasured the Is 21$ 2S1/2 - Is 2s 2p 2P1/2 line as 
well as the 1s 2nl - Is 2pnl (nl - 3s ,3p ,3d ,4p) transitions. 
Except for the Is 23p 2P3!2 - Is 2p 3p 2D5/2 line, they are 
given as the aggregates of emission lines. Wavelengths 
are taken from Refs. 100 and H2. 

Cr XXIII (He sequence) 

Ground state ls2 ISO 

Ionization energy 60344000 l:IIl- 1 (7481.4 eV) 

TFR group et al.82 identified the parity-forbidden tran
sition 1s2 ISo-ls2s 3S1 at 2.2035 A, the spin-forbidden 
and electric-dipole-forbidden transitions ls2 ISO - Is 2p 
3pf,2 at 2.1927 A and 2.1886 A, and the ls2 lSo-ls2p lpf 
line at 2.1818 A. For this line the more accurate wave
length of 2.18193 ± 0.00015 A was obtained with a toka
mak plasma by Beiersdorfer et al.lOl , who also identified 
the ls2 ISo-lsnp IP1 (n =4,5) transitions at 1.76342 A 
and 1.72357 A. Other measurements of these lines in 
Refs. 102, 100, 99, 103, and 104 are less accurate. 
Grandin et al.94 obselVed the ls2s 351 -1s2p 3P2 transition 
at 325.36 ± 0.5 A in a beam-foil spectrum. 

Calculated energy levels of the configurations 1snl 
with n = 2 - 3 and I =s, p, and d have been taken from 
Drake.lOS,I06 For the levels with n == 4 - 5, calculations of 
Vainshtein and Safronova107 have been tabulated after 
adjusting them by about 1300 cm- 1 to the ground state 
binding energy obtained by Drake. This value is the arith
metic mean value of the difference between the levels 
given by Drake and by Vainshtein and Safronova for 3s, 
3p, and 3d. Wavelengths are calculated from the energy 
levels by the Ritz combination principle. We adopt an un
certainty of 5 parts in 105

, representing the difference be
tween the calculated values of Drake and those 
determined experimentally by Beiersdorfer et al. 

Cr XXIV (H sequence) 

Ground state Is 2S1/2 

Ionization energy 63675900 cm- 1 (7894.87 eV) 

No obselVations of this spectrum have been reported. 
We have tabulated the wavelengths calculated from the 
theoretical energy levels of Johnson and Soff108 for the 
n =2 shell. The estimated level uncertainty is ± 10 cm- I

• 

Their energy differences are in close agreement with 
those of Mohr .109 The levels for n = 3 - 5 have been 
calculated by Erickson.110 We use his values for the bind
ing energies subtracted from the binding energy of the 
ground state obtained by Johnson and Soff. Our estimate 
of the error in the value of 3s is ± 30cm -1, assuming the 
Lamb shift scales as lin 3. 

Transition probabilities and oscillator strengths were 
obtained by scaling the data tabulated for hydrogen spec
tra by Wiese et al. lll The scaling was performed for the 
line strengths S, which for a hydrogen-like ion of nuclear 
charge Z are reduced according to Sz = Z -2SH, so that 

The f and A values were then obtained from the usual 
numerical conversion formulas, given for example in Ref. 
112. For these conversions the very accurate wavelengths 
listed in the first column of the Cr XXIV table were used, 
in which relativistic and quantum electrodynamic (QED) 
effects un the energies were taken into account. Rela
tivistic effects in the line strengths are only of the order 
of 1-3% for Cr XXIV, according to the work by Younger 
and Weiss,113 and have been neglected. 

3. Explanation of Tables of 
SpectroscopiC Data 

Cr V, Cr XXIV, etc. 
According to spectroscopic convention, Cr I indicates 
the first spectrum, i.e., the spectrum of the neutral 
atom; Cr II denotes the second spectrum, belonging 
to the singly ionized atom; and so on. 
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H sequence, C sequence, etc. 

IP 

Indicates that the respective Cr ion has the same 
number of electrons as neutral hydrogen, neutral car
bon, etc. 

Principal ionization energy of the tabulated ions 
in cm- 1 (eV). 

A(A) 
Wavelength of listed spectral lines in Angstrom units 
(to-Scm). 

C,T,P 
Superscripts to the right of a wavelength value have 
the following meanings: 

C wavelength calculated from energy level data us
ing the Ritz combination principle. 
T tentative line classification. 
I' wavelength predicted along an isoelectronic 

sequence. 

Classification 
Standard spectroscopic designation for lower (first) 
and upper levels generating the spectral lines; elec
tronic configurations followed by the term in LS -, jj -
or jl-coupling notation. The superscript 0 on the term 
indicates odd parity. A term enclosed in parentheses 
refers to an intermediate state. Where only the total 
angular momentum.1 is given in successive listings, ' 
the preceding configuration and term labels apply. 

Energy Levels 

Int 

Leve1 values (in cm- I ) for lower (first) and upper 
(second) level of the transition. A symbol "?" after 
the level value indicates level was derived from a ten
tatively classified line. Theoretical levels are given in 
square brackets. 

Approximate intensity of a spectral line, generally vi
sually estimated from the blackness (or density) of 
. the line on photographic plates. Intensities are omit-

gf 

A 

Acc 

ted when gf-values are known for most of the lines. 
The symbol "bl" following the intensity means a 
blend of lines. 

This column lists the product of the statistical weight 
of lower level and the absorption oscillator strength 
or I-va)ue for electric dipole transitions. 1.23 1 
means 1.23 x 10-1

• f-values are not given for mag
netic-dipole (Ml) transitions. 

Radiative transition probability in s -1. 1.23 + 11 
means 1.23 x 101l

, 

Accuracy estimate for the oscillator strength and 
transition probability data, taken from the NIST ref
erence tables on atomic transition probabilities (see, 
e.g. the introduction of Ref. 92 for detailed explana
tion). The accuracy is indicated by the foHowing let
ter symbols, which are identical with the notation 
used in the NIST reference book: 

A for uncertainties within 3% 
B for uncertainties within 10% 
C for uncertainties within 25% 
D for uncertainties within 50% 
E for uncertainties greater than 50% 

References 
Reference sources for the data. The numbers are 
keyed to the bibliographic listing folJowing the tables. 
When several references are listed, they are distin
guished by superscripts on the numbers as fonows: 

o reference from which the adopted 
wavelength value is taken. 

* reference containing the adopted oscillator 
strength and/or the transition probability. 

~ reference from which the estimated 
intensity is taken . 
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4. Spectroscopic Data for Cr v through Cr XXIV 

Crv (Ca sequence) 

~ (A) Classification Energy Levels (cm -1) Int. gf A (5- 1) Acc. References 

8299.02c 3d 2 3F4 3d 2 ID2 1 141.7 13 188.0 E2 3.4-4 E 112* 
7884.39c 508.2 13 188.0 Ml 1.0-1 E 112* 
7580.56c 0 13 188.0 Ml 5.7-2 E 112* 

6709.87c 3d 2 3F4 3dz 3PZ 1 141.7 16041.0 E2 3.1-2 E 112* 
6590.83c 508.2 15676.6 E2 3.1-2 E 112* 
6453.24c 0 15491.8 E2 5.1-2 E 112* 
6436.21c 508.2 16041.0 Ml 3.4-3 E Il2* 
6377.17c 0 15676.6 Ml 1.0-4 E 112* 
6232.30c 0 16041.0 Ml 8.4-4 E 112* 

4788.51c 3d 2 3F4 3d2 IG4 1 141.7 22019.2 Ml 7.2-2 E 112* 
4647.48c 508.2 22019.2 Ml 4.7-2 E 112* 
4540.22c 0 22019.2 E2 8.9-5 E 112* 

2847.73c 3d 2 3PZ 3d Z ISO 16041.0 51 146.4 E2 2.1-1 E 112* 
2818.47c 15676.6 51 146.4 Ml 1.1-0 E 112* 

2633.68c ·3d 2 IDz 3dZ ISO 13 188.0 51 146.4 E2 9.8-0 E 112* 

1955.17c 3d 2 3Fz 3d2 ISO 0 51 146.4 E2 2.5-2 E 112* 

1837.442 3d4s IDz 3d4p ID~ 171 698.1 226 119.8 15 1.1 4,3+8 D 1°,112* 

1728.497 3d4s ID2 3d4p 3~ 171 698.1 229551.7 5 
1705.968 171 698.1 230316.3 2 

1705.629 3d4s 3D2 3d4p ID~ 167491.0 226 119.8 4 

1655.639 3d4s 3D3 3d4p 3D~ 168089.5 228489.1 4 3.4-1 1.6+8 D 1°,112* 
1652.595 167491.0 228001.8 4 3.1-1 2.5+8 0 1°,112* 
1644.053 167 176.4 228001.8 6 6.0-1 5.0+8 D 1°,112* 
1639.403 167491.0 228489.1 7 1.0 4.9+8 D 1°,112* 
1638.495 168089.5 229 120.8 8 1.9 6.8+8 D 1°,112* 
1630,989 167 176.4 228489.1 5 1 
1622.607 167491.0 229 120.8 3 2.0-1 7.4+7 0 1°,112* 

1611.330 3d4s 3Dz 3d4p 3F2 167491.0 229 551.7 3 4.5-2 2.3+7 D 1°,112* 
1607.035 168089.5 230316.3 3 2.2-1 8.3+7 D 1°,112* 
1603.191 167 176.4 229 551.7 12 1.3 7.0+8 D 1°,112* 
1591.721 167491.0 230316.3 13 1.9 7.3+8 0 1°,112* 
1579.696 168089.5 231 392.9 15 2.9 8.6+8 D 1°,112* 

1519.030 3d4s IDz 3d4p 11'3 171 698.1 237529.5 13 2.3 9.5+8 0 1°,112* 

1497.966 3d4s 3D3 3d4p 3~ 168089.5 234846.4 12 1.3 7.5+8 D 1°,112* 
1489.711 167491.0 234618.4 10 6.5-1 6.6+8 0 1°,112* 
1484.666 167491.0 234846.4 7 3.7-1 2.2+8 D 1°,112* 
1482.757 167 176.4 234618.4 7 3.6-1 3.5+8 D 1°,112* 
1481.651 167 176.4 234668.5 7 3.3-1 1.0+9 0 1°,112* 
1477.769 167 176.4 234846.4 1 1 

1465.861 3d4s 102 3d4p IPt 171 698.1 239 917.5 12 1.0 1.1+9 D 1°,112* 

1263.501 3d4p 11"3 3d4d IF3 237529.5 316 674.9 10 

1259.986 3d4p l~ 3d4d IPt 239917.5 319 284.0 7 

1210.499 3d4p IPj 3d4d 3SJ 239917.5 322528.1 7 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1289 

Cry (Ca sequence) -: Continued 

). (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

1204.126 3d4p 3}>2 3d4d 3DJ 234846.4 317893.8 4 
1201.556 234668.5 317893.8 5 
1200.834 234618.4 317893.8 4 
1196.042 234618.4 318227.6 9 
1193.950 234 846.4 318 601.7 10 

1146.668 3d4p 3F4 3d4d 3Da 231 392.9 318601.7 3 
\, , 

1140.489 3d4p 3}>2 3d4d 381 234846.4 322528.1 6 
1138.177 234668.5 322528.1 2 
1137.529 234618.4 322 528.1 6 

1134.768 3d4p 3F4 3d4d 3G4 231,392.9 319 516.8 3 3.4-1 2.0+8 D 1°,112* 
1127.631 231 392.9 320074.4 12 7.2 3.5+9 D 1°,112-
1126.090 230316.3 319 119.1 2 8.4-1 6.1 +8 D 1°,112* 
1121.066 23031,6.3 319516.8 12 3.6 2.1 +9 D 1°,112* 
1116.478 229 551.7 319 119.1 10 1 

1122.255 3d4p 3Da 3d4d 3Dz 229 120.8 318227.6 1 
1118.518 228489.1 317 893.8 1 
1117.559 229 120.8 318601.7 9 
1114.350 228489.1 318227.6 8 
1112.452 228001.8 317 893.8 7 
1109.731 228489.1 318601.7 
1108.322 228001.8 318227.6 

1118.157 3d4p IPl 3d4d IDz 239917.5 329350.3 7 

1106.250 3d4p 3D~ 3d4d 3G4 229 120.8 319 516.8 2 2.0 1.2+9 D 1°,112* 
1103.390 228489.1 319 119.1 3 3.1-1 2.4+8 D 1°,112* 

1104.296 3d4p JD2 3d4d IF3 226 119.8 316674.9 6 

1089.079 3d4p Ipg , 3d4d IDz 237529.5 329350.3 

1073.367 3d4p lD2 3d4d Ip} 226 119.8 319284.0 2 

1062.933 3d4p 3F4 3d4d 3F3 231 392.9 325472.5 0 
1058.298 231 392.9 325884.2 5 
1054.991 230316.3 325104.1 0 
1050.901 230316.3 325472.5 4 
1046.542 229551.7 325 104.1 2 
1046.364 230316.3 325884.2 3 
1042.544 229 551.7 325472.5 3 

1060.651 3d4p Ipg 3d4d lG4 237529.5 331 811.2 8 

1048.236 3d4p 3}>2 3d4d 3p} 234846.4 330245.1 2 
1047.494 234618.4 330084.8 1 
1046.294 234668.5 330245.1 2 
1045.733 234618.4 330245.1 1 
1045.044 234846.4 330536.8 7 
1042.644 234618.4 330536.8 3 

]035.037 3d4p 3D2 3d4d 3Ft 228489.1 325 104.1 1 
1033.452 229 120.8 325884.2 5 
1031.105 228489.1 325472.5 5 
1029.842 228001.8 325 104.1 4 

1002.024 3d4p 3F'.2 3d4d IDz 229551.7 329350.3 0 

997.709 3d4p 3Da 3d4d IDt 229 120.8 329350.3 0 
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Crv (Ca sequence) - Continued 

x (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

986.035 3d4p 3D3 3d4d 3pz 229 120.8 330536.8 5 
982.736 228489.1 330245.1 4 
979.934 228 489.1 330536.8 0 
979.590 228001.8 330084.8 0 
978.064 228001.8 330245.1 0 

968.703 3d4p IDl! 3d4d IDz 226 119.8 329350.3 7 

859.516c 3dz ISo 3d4s 3Dz 51 146.4 167491.0 E2 2.4+0 E 112* 

842.195 3d4p I~ 3d5s IDz 239917.5 358653.8 2 

837.157 3d4p 11<3 3d5s 3D2 237529.5 356981.3 0 
832.309 237529.5 357675.9 0 

829.520c 3dz ISo 3d4s IDz 51 146.4 171 698.1 E2 3.8+2 E 112* 

825.600 3d4p 11<3 3d5s IDz 237529.5 358653.8 7 

819.153 3d4p 3pg 3d5s 3DI 234668.5 356744.8 0 
818.803 234618.4 356744.8 0 
818.803 234846.4 356981.3 0 
817.246 234618.4 356981.3 i 
814.148 234846.4 357675.9 3 

791.872 3d4p 3F'4 3d5s 3D3 231 392.9 357675.9 6 
789.492 230316.3 356981.3 5 
786.210 229551.7 356744.8 3 
780.428 229 551.7 357675.9 

779.209 3d4p 31<3 3d5s JDz 230316.3 358653.8 0 

778.253 3d4p 3Dl! 3d5s 3Dz 228489.1 356981.3 3 
777.873 229 120.8 357675.9 6 
776.743 228001.8 356744.8 
775.308 228001.8 356981.3 0 
774.079 228489.1 357675.9 0 

768.251 3d4p 3Dl! 3d5s IDz 228489.1 358653.8 0 

764.151 3d4p IDl! 3d5s 3Dz 226 119.8 356981.3 0 

754.521 3d4p IDl! 3d5s IDz 226 119.8 358653.8 5 

687.418c 3d 2 IG4 3d4s 3Dz 22019.2 167 491.0 E2 8.9+1 E 112* 
684.602c 22019.2 168089.5 E2 1.2+0 E 112 

668.097° 3lt ll JG4 3d4s lDz ZZ 019.Z H1698.1 .t,;Z 9.6+3 .t,; HZ· 

661.658c 3d 2 3PZ 3d4s 3DI 16041.0 167 176.4 E2 8.1+2 E 112* 
660.284c 16041.0 167491.0 E2 1.8+3 E 112* 
660.067° 15676.6 167 176.4 t.;2 2.6+3 t.; 112· 
658.699c 15676.6 167491.0 E2 2.9+2 E 112* 
657.898c 15 491.8 167 491.0 E2 1.2+3 E 112* 
657.685c 16041.0 168089.5 E2 2.3+3 E 112* 
656.112c 15676.6 168089.5 E2 1.2+3 E 112* 

649.400c 3d 2 ID2 3d4s 3D} 13 188.0 167 176.4 E2 6.1 + 1 E 112* 
648.076c 13 188.0 167491.0 E2 2.0+2 E 112* 
645.572c 13 188.0 168089.5 E2 7.7+ 1 E 112* 

642.438c 3dz 3pz 3d4s IDz 16041.0 171 698.1 E2 3.4+2 E 112* 
640.937c 15676.6 171 698.1 E2 4.0+0 E 112* 
640. 179{; 15 491.8 171 698.1 E2 1.0+1 E 112* 

630.875c 3dz IDz 3d4s IDz 13 188.0 171 698.1 E2 6.8+3 E 112* 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1291 

Cry (Ca sequence) - Continued 

x (1) Classification Energy Levels (em - I) Int. gf A (S-I) Ace. References 

601.145c 3d 2 3F4 3d4s 3D2 1 141.7 167491.0 E2 2.7+3 E ll2" 
599.994c 508.2 167 176.4 E2 4.3+3 E 112'" 
598.990c 1 141.7 168089.5 E2 1.0+4 E 112'" 
598.864c 508.2 167491.0 E2 6.5+3 E 112· 
598.171c 0 167 176.4 E2 8.8+3 E 112· 
597.047c 0 167491.0 E2 3.8+3 E 112* 
596.725c 508.2 168089.5 E2 2.9+3 E 112'" 
594.921c 0 168089.5 E2 2.7 + 10 E 112· 

586.316c 3d 2 3F4 3d4s ID2 1 141.7 171 698.1 E2 1.6+ 1 E 112* 
584.147c 508.2 171 698.1 E2 8.8+1 E 112* 
582.418c 0 171 698.1 E2 1.1 + 1 E 112· 

529.742 3d 2 ISO 3d4p I~ 51 146.4 239 917.5 6 

470.976 3d 2 3PI 3d4p 3Dj 15676.6 228001.8 1 
470.697 16041.0 228489.1 2 
470.567 15491.8 228001.8 3 4.9-2 4.9+8 D 1°,112· 
469.893 15676.6 228489.1 4 8.1-2 4.9+8 D },0,112· 
469.311 16041.0 229 120.8 5 9.0'-2 3.9+8 D 1°,112* 

469.634 3d 2 ID2 3d4p ID2 13 188.0 226 119.8 7 3.8-1 2.3+9 D 1°,112* 

464.015 3d2 IG4 3d4p lFa 22019.2 237529.5 10 8.1-1 3.6+9 D 1°,112* 

457.504 3d 2 3P2 3d4p 3~ 16041.0 234618.4 4 1.1-1 1.2+9 D 1°,112· 
457.028 16041.0 234846.4 6 4.2-1 2.7+9 D 1°,112* 
456.743 15676.6 234618.4 3 8.7-2 9.2+8 D 1°,112* 
456.637 15676.6 234668.5 4 1.0-1 3.3+9 D 1°,112* 
456.357 15491.8 234618.4 4 8.9-2 9.5+8 D 1°,112* 
456.272 15676.6 234846.4 5 1.0-1 6.7+8 D 1°,112* 

451.607 3d2 ID2 3d4p 3Pi 13 188.0 234618.4 
451.141 13 188.0 234846.4 

446.672 3d:! 3P2 3d4p lPi 16041.0 239917.5 

445.751 3d2 ID2 3d4p lFa 13 188.0 237529.5 2 3.9-2 1.9+8 D 1°,112* 

442.243 3d2 3F2 3d4p 'D2 0 226 119.8 2 

441.056 3d2 ID2 3d4p lPi 13188.0 239917.5 5 2.0-1 2.3+9 D 1°,112* 

438.618 3d 2 3F4 3d4p 3Da I 141.7 229 120.8 10 
438.618 r:.OB.2 228489.1 10 
438.618 0 228001.8 10 
437.655 0 228489.1 3 1.9-1 1.3+9 D 1°,112* 
437.420 508.2 229 120.8 4 2.7-1 1.4+9 D 1°,112* 

436.601 3d 2 3Fa 3d4p 3F2 508.2 229551.7 4 3.0-1 2.1 +9 D 1°,112* 
436.351 I 141.7 230316.3 4 4.8-1 2.4+9 D 1°,112* 
435.636 0 229551.7 5 4.0-2 2.8+8 D 1°,112* 
43G.143 508.2 230316.3 5 5.7-2 2.9+8 D 1°,112'" 
434.306 1 141.7 231 392.9 7 3.8-1 1.5+9 D 1°,112* 
434.180 0 230316.3 1 1 
433.119 508.2 231 392.9 2 J 
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Crvi (K sequence) 

). (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

2495.708 3plleS)4d 205/2 3p 5eP')3d2caF) 2F7f.! 402888.6 442945.4 5 9 

2176.648 3pflctS)5p 2P3/2 3pfleS)5d 205/2 488561.9 534 489.7 8 9 
2136.433 1/2 3t.! 487589.5 534 381.7 6 9 

2044.777 3pll('S)5g 2G91''! 3p fie S)6h 2H~f.! 572274.4 621 162.9 9 9 
2044.777 9/2 lll'.! 572274.4 621 162.9 9 9 
2044.777 7/2 9f.! 572272.3 621 162.9 9 9 

1933.955 3pllctS)5J 2F7f.! 3plleS)6g 2G9f.! 568993.0 620700.5 3 9 
1932.783 51'.! 7f.! 568957.4 620696.3 2 9 

1924.089 3p 6ctS)4J 2F7f.! 3pflctS)5d 2D5f.! 482517.1 534489.7 5 9 
1907.462 5/'.:1 3/2 481 956.0 534381.7 4 9 

1455.282 3p lleS)4s 28m 3p lIeS)4p 2PYf.! 227857.9 296573.2 15 9 
1417.659 If.! al'.! 227857.9 298396.7 16 9 

1360.504 3p BCS)5p 2P3f.! 3p lie S)6s 2S It.! 488561.9 562064.1 5 9 
1342.741 If.! If.! 487589.5 562064.1 4 9 

1281.439 3pllctS)5g 2G9/2 3pllctS)7h 2H~f.! 572274.4 650310.8 5 9 
1281.439 Of.! llf.! 572274.4 650310.8 5 9 
1281.439 7f.! 9/2 572272.3 650310.8 5 9 

1264.746 3p 6('S)4d 2DsfJ 3pll(lS)4j 2F5f.! 402888.6 481 956.0 4 9 
1261.128 afl 5/2 402661.7 481 956.0 7 9 
1255.832 S/2 7/2 402888.6 482517.1 8 9 

1177.469 3p 6('S)4d 2Daf.! 3plleS)5p 2P'i/2 402661.7 487589.5 5 9 
1167.222 Sfl af.! 402888.6 488561.9 6 9 
1164.146 3/'.l at.! 402661.7 488561.9 2 9 

1114.114 3pll('S)4{ 2F7l'l 3plleS)5g 2GOl'l 482517.1 572274.4 8 9 
1107.225 Sf.! 7f2 481 956.0 572 272.3 7 9 

1103.926 3pllctS)4d 2Dat.! 3p 5eP')3d 2caP) 2Plf.! 402661.7 493247.1 2 9 
1086.681 5/2 af./. 402888.6 494911.2 2 9 

959.093 3pllctS)4p 2p3/2 3pfleS)4d aDaf.! 298396.7 402661.7 10 9 
957.009 31'.:1 Sf.! 298396.7 402888.6 14 9°,8 
942.610 If.! af.! 296573.2 402661.7 13 9°,8 

773.223 3p SeP')3d 2(aF) 2F7f.! 3pll(lS)5g 2G91'l 442945.4 572274.4 3 9 
756.786 Sfl 71'2 440 135.2 572272.3 2 9 

723.675 3pB(JS)4J 2F71''/' 3p\JS)6g !JGOI'.! 482517.1 620700.5 9 
720.771 Sf./. 71'2 481 956.0 620696.3 9 

614.028 3pll(lS)4p 2P'3/'l 3plleS)5s 2S1/2 298396.7 461 253.0 4 9 
607.239 Ifl 1/2 2965'(3.2 461 253.0 3 9 

602.011 3pll(lS)4d 2DS/2 3pll(lS)5J 2F7f2 402888.6 568993.0 0 9 

b62.f>n ::Ipl'i(ZP")3dze'I<') z1<7/2 3pOCS)6g ilGOl'2 442945.4 620700.5 0 9 

423.559 3pllctS)4p 2nt.! 3pll(1S)5d 2Dst.! 298396.7 534489.7 00 9 
420.499 If.! at.! 296573.2 534381.7 00 9 

385.015 3plleS)4s 2Slf..! 3p lie S)5p 2P'it..! 227857.9 487589.5 0 9 
383.575 If.! at.! 227857.9 488561.9 0 9 

337.185 3pfl(lS)3d 2Dat..! 3p 6eS)4p 2pif.! 0 296573.2 12 9 
336.184 51.! 3/l 940 298396.7 14 9 
335.123 3/2 3/'l 0 298396.7 7 9 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1~93 

Cr VI (K sequence) - Continued 

). (A) Classification Energy Levels (em - 1) Int. gf A (5- 1) Ace. References 

280.879 3pfl(1S)3d 20M! 3p 5(2P")3d2(1G) 21'5/2 940 356962 2 2.8-3 4.0+7 D 9°,112· 
280.143 at.! Ml 0 356962 4 4.0-2 5.7+8 0- 9°,112· 
279.154 ofl. 7tl, 940 359 165 5 5.8-2 6.2+8 D- 9°,112· 

269.776 3.vfl(lS)3d 2D!;},) 3.v"(2P<»3d2f'D) 2?'12 940 371 618 10 2.3-1 2.7+9 D- 9°,112. 
264.732 5/2 Ml 940 378677 2 1.1-2 1.8+8 E 9°,112. 
264.078 at.! 5t.! 0 378677 9 1.6-1 2.6+9 D- 9°,112. 

227.689 3.v Il(lS)3d 2D!\12 3.v 5(2po)3d 2(3F) 2F5f..! 940 440 135.2 5 2.2-1 4.6+9 E 9°,112* 
227.202 at.! 5/'.! 0 440 135.2 11 3.1 6.6+ 10 D- 9',112·,5 
226.241 5t.! 7t.! 940 442945.4 12 4.4 7.2+ 10 D- 9°,112.,5 

207.892 3p 11(1 S)3d 2Dot.! 3pfl(lS)4J 2F51'!' 940 481 956.0 6 9 
207.651 of!. 7fl. 940 482517.1 12 9',5 
207.489 af!. Sfl. 0 481 956.0 11 9',5 

205.084 3pfl(1S)3d 20Sf!. 3pfleS)5p 2Paf.! 940 488561.9 12 9 
205.084 at.! If.! 0 487589.5 12 9 
204.682 3t.! af.! 0 488561.9 6 9 

202.739 3.v fl(lS)3d 2D~I') 3.vS(2p<»3d2(3P) 2p~1? 0 493247.1 10 1.4 1.2+ 11 D- 9°,112. 
202.442 st.! at.! 940 494911.2 II 2.6 1.0+ 11 D- 9°,112. 
202.057 at.! at.! 0 494911.2 6 2.8-1 1.2+10 E 9°,112. 

201.606 3pfl(lS)3d 2Dfifl 3p S(2po)3d 2(3F) 2Dfifl 940 496958 12 9.6 2.6+ 11 D- 9°,112.,3,5 
201.388 S/2 3t.! 940 497495 8 6.6-1 2.7+10 E 9°,112· ,3,5 
201.224 at.! 5fl. 0 496958 9 6.8-1 1.8+ 10 E 9°,112·,3,5 
201.007 3/2 af.:! 0 497495 11 6.0 2.5+ 11 D- 9°,112.,3,5 

176.037 3p fie S)3d 2Dsf!. 3p fleS)5f 2F7f..! 940 568993.0 8 9°,2 
175.756 3/2 5/2 0 568957.4 7 9°,2 

174.175 3pfl(lS)3d 2D3/2 3p fie S)6p 2~f.! 0 574 135 2 9 
173.973 5/2 afl. 940' 575742 1 9 

172.841 3pfl(lS)3d 2D3f..! 3p 53d (3P")4s 2Pjf'! 0 578566 4 1.0-1 1.2+ 10 D 9°,112.,7,6 
172.487 Sf.! af.! 940 580697 5 1.9-1 1.1 + 10 D 9°,112.,7,6 
172.204 3/2 3f..! 0 580697 1 2.8-2 1.,6+9 E 9°,112.,7,6 

171.400 3pfl(lS)3d 2Ds/2 3p 53drFj4s 4F7t.! 940 584371 3 9°,7,6 
170.569 3f.! Sfl- 0 586273 2 9°,7,6 

169.435 3pfl(lS)3d 2Dsfl. 3p53dcaFj4s 2F7fl- 940 591 137 7 5.6-1 1.6+ 10 D 9°,112.,7,6 
168.355 st.! 5ft. 940 594926 1 2.7-2 1.1+9 E 9°,112.,7,6 
168.088 3!.! Sf.! 0 594926 6 5.2-1 2.0+ 10 D 9°,112·,7,6 

164.833 3pll(lS)3d 2D5/2 3p S3drDO)4s 4D7/2 940 607615 2 9°,7,6 
164.564 of.! Sf..! 940 608631 2 9°,7,6 
164.301 3t.! of..! 0 608631 0 9°,7,6 
164.159 3/2 3/2 0 609166 1 9°,7,6 

163.801 3p 6(lS)3d 2D3/2 3p s3d (100)4s 205t.! 0 610497 2 9 
163.514 3/2 at.! 0 611 568 2 9 

163.014 3p 6(IS)3d 2D5/2 3p 53d(lF")4s 2F5fl. 940 614385 4 9 
162.764 3!<! Sfl. 0 614385 2 9 
162.565 5f..! 7f.! 940 616079 6 2.6-1 8.3+9 D 9°,112· 

161.930 3pfl(lS)3d 2Do12 3p 53d (3DO)4s 2D3(.! 940 618491 0 4.7-2 3.0+9 E 9°,112.,7,6 
161.687 5/2 5/2 940 619419 5 4.0-1 1.7+10 D 9°,112.,7,6 
161.687 3/2 3f..! 0 618491 5 2.2-1 1.4+ 10 D 9°,112.,7,6 

161.908 3pfl(lS)3d 2Ds/2 3p II( I S)61 21<1/2 940 618583 2 9 
161.836 5/2 7/2 940 618849 5 9°,2 
161.659 3!<! 5/2 0 618583 5 9°,2 
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Cr VI (K sequence) - Continued 

>. CA) Classification Energy Levels C cm - 1) Int. gf A (S-I) Acc. References 

154.418 3pfi(lS)3d 2D5fl 3pfi(lS)7j 2F7f.! 940 648533 4 9°,2 
154.197 af.! 5f.! 0 648521 3 9°,2 

149.918 3pfi(lS)3d 2Dsf.! 3pfi(lS)8j 21'7f.! 940 667973 2 9°,2 
149.706 3f.! 5f2 0 667973 9°,2 

146.980 3pfi(lS)3d 2Dsfl 3p fieS)9j 21'7f2 940 681 307 9°,2 
140.770 afl 5f.! 0 081 307 0 9~,2 

144.961 3p fieS)3d 2DSfl 3pfi(lS)10j 21'7fl 940 690781 0 9°,2 
144.81 af.! 5f.! 0 690781 2 

Cr VII (Ar sequence) 

A (A) Classification Energy Levels (cm - 1) Int. gf A (S-I) Acc. References 

1448.457 3s23p5CZP'ir2)4s 2[1/21'1 3s23p 54p 3P2 682610.2 751 649.3 3 14 

1426.644 3s23p 5ePlfl)4s 2[lh]g 3s23p S4p 301 678534.7 748629.3 7 14 

1393.366 3s23p 5(2Pl/2)4s 2[1/211 3s23p 54p IP I 682610.2 754378.9 5 14 

1319.885 3s23psCZPlfl)4s 2[1/211 3s23p S4p 102 682610.2 758374.4 7 14 

1312.307 3s 23p sCZP3f.!)4s 2[%]1 3s23p 54p 301 672427.7 748629.3 7 14 
1307.606 668858.6 745328.9 6 14 
1302.551 668858.6 745631.1 9 14 

1207.866 3s23p5CZP3(2)4s 2[%12 3s23p s4p 3P2 668858.6 751 649.3 7 14 
1181.920 672 427.7 757035.8 3 14 

1198.481 3s 23p sCZPlfl)4d 2[%12 3s 23psePlf.!)4j 2[%13 873565.5 957004.6 2 14 

1103.402 as 23p s(2P?vLl)4d 2[%J§ 3s23p S(2P3rl)4j 2[712]4 865 155.8 948943.9 4 14 
1193.492 864 129.5 947917.4 4 14 

1190.867 3s 23p sepo3l2)4d 2[71214 3s23p sCZP3fl)4j 2[%ls 860444.3 944 416.8 2 14 
1186.561 861 198.4 945475.7 14 

1189.640 3s 23p 5CZP'lf.!)4d 2[%13 3s 23p sCZP'lf.!)4J 2{%J4 873 146.1 957205.1 14 

1170.143 3s 23p s(2P:'lI'l)4d 2[%12 3s23p s(2P3f.!)4J 2[%la 859407.1 944866.7 14 

1163.947 3s 23p sCZP3f.!)4d 2[1/21i 3s23pSCZP3flHf 2[%12 857234.5 943 149.1 0 14 

1103.510 3s 23p r;eP3fl)4,s 2[%Ji 3s 2 3p 54p ID2 672 427.7 755 374.4 14 

936.492 3s23p s4p ID2 3s23pSepafl)4d 2[%la 758374.4 865 155.8 0 14 

926.520 3s23p 54p 3p
J 3s23p sep3f.!)4d 2l%n 758572.1 866502.8 2 14 

881.012 3s23p s4p 3P2 3s23p Sep3fl)4d 2[%13 751 649.3 865 155.8 4 14 

871.296 3s 23p 64p ID2 3s 23p'tllPif.!J4d 2["/213 758374.4 873 146.1 5 14 

870.980 3s23p s4p 3D3 3s23p sCZPaf.!)4d 2[%14 745631.1 860444.3 7 14 
863.043 745328.9 861 198.4 6 14 

869.615 3s23p s4p 3P
1 3s23p 5CZP'lfl)4d 2[%12 758572.1 873565.5 2 14 

844.989 757035.8 875380.5 1 14 
820.239 751 649.3 873565.5 14 
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Cr VII (Ar sequence) - Continued 

). (A) Classification Energy Levels (cm - 1) Int. gf A (5- 1) Acc. References 

865.800 3s23ps4p 3D1 3s23p s(2P3t.!)4d 2(%]2 748629.3 864 129.5 4 14 
841.747 745328.9 864 129.5 2 14 
836.644 745631.1 865 155.8 2 14 

848.517 3s23ps4p Ipl 3s 23p 5(2Plf2)4d 2[%12 754378.9 872231.6 3 14 

821.788 3s 23p s4p 3S1 3s23psep3t.!)4d 21 1/2]0 734605.3 856292.2 1 14 
815.474 734605.3 857234.5 2 14 

801.277 3s23p 54p 3S1 3s23p sep3f.!)4d 2[%]2 734605.3 859407.1 3 14 

741.889 3s 23p
fi
3d Ip~ 3s3p fi3d ID2 493035.4 627826.7 2 14 

453.183 3s 23p 53d, 11'3 3s3p fi3d 3Da 389226.2 609887.8 5 14 

450.314 3s 23p 53d 3Dz 3s3p 63d 3DI 386616.6 608679.6 2 14, 
449.386 386616.6 609 142.7 5 14 
448.729 385828.3 608679.6 5 14 
447.882 386616.6 609887.8 3 14 
447.792 385828.3 609 142.7 3 14 
441.680 382 737.4 609 142.7 2 14 
440.244 382737.4 609887.8 8 14 

441.584 3s 23p
fi
3d 1m 3s3p fi3d 3D2 382682.3 609 142.7 4 14 

440.121 382682.3 609887.8 0 14 

419.104 3s 23p fi3d 11'3 3s3p 63d ID2 389226.2 627826.7 5 14 

414.582 3s 23p fi3d 3Dz 3s3p 63d ID2 386616.6 627826.7 6 14 
408.019 382737.4 627826.7 6 14 

407.918 3s 23p fi3d ID2 3s3p 63d ID2 382682.3 627826.7 7 14 

407.138 3s 23p53d 3F2 3s3p 63d 3DI 363060.9 608679.6 8 14 
406.369 363060.9 609 142.7 4 14 
401.658 360 171.9 609 142.7 9 14 
400.452 360 171.0 600 887.B 3 14 
396.288 357543.7 609887.8 10 14 

380.897 3s 23p 53d 3P2 3s3p 63d 3DI 346 137.1 608679.6 0 14 

380.219 346 137.1 609142.7 5 14 
379.153 346 137.1 609887.8 9 14 
376.073 342773.5 608679.6 4 14 
376.426 342773.5 609 142.7 7 14 

377.687 3s 23p 53d 3F2 3s3p 63d ID2 363060.9 627826.7 14 

366.012 3s 23p fi3d 3I'~ 3s3p 6Dd 'D2 346 137.1 627826.7 0 14 

291.738 3s23p 6 ISO 3s 23p
fi
3d 3P'.l 0 342773.5 2 14 

280.823 & 23p 5 3d 'F3 & 23]1 5 4p 9D2 389220.2 74(; 328.9 2 14 
280.571 389226.2 745631.1 0 14 

275.926 3s 23p 53d 11"3 3s 23p 54p 3P2 389226.2 751 649.3 14 

275.792 3s 23p fi3d 3Da 3s 23pfi4p 3D2 382 737.4 745328.9 0 14 
275.635 385828.3 748629.3 1 14 
275.563 382 737.4 745631.1 0 14 

275.756 3s 23p fi3d IDz 3s 23pfi4p 3Dz 382682.3 745328.9 0 14 
273.269 382682.3 748629.3 14 
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Cr VII (Ar seauence) - Continued 

). (A) Classification Energy Levels (em -1) Int. of A (S-I) Ace. References 

273.952 3s 23p 53d 3Di 3s 23p 54p 3P2 386616.6 751 649.3 0 14 
271.070 382737.4 751 649.3 6 14 
269.397 385828.3 757035.8 2 14 
268.852 386616.6 758 572.1 4 14 

270.897 3s 23p 53d 11'3 3s 23p 54p ID2 389226.2 758374.4 6 14 

269.038 3s23p 53d ID~ 3s 23p 54p IP1 382682.3 754378.9 4 14 

266.172 3s 23p53d IDi 3s 23p 54p JD2 3~2 682.3 758374.4 0 14 

261.598 3s 23p53d 31'2 3s 23p 54p 3D2 363060.9 745328.9 2 14 
259.636 360 171.9 745328.9 9 14 
259.432 '360 171.9 745631.1 3 14 
259.360 363060.9 748629.3 5 14 
257.676, 357543.7 745631.1 10 14 

259.181 3s23p 6 ISo 3s23p 53d 3m 0 385828.3 8 2.8-3 9.3+7 E 14°,112· 

257.422 3s 23p 53d 3P2 3s 23p 54p 3SJ 346 137.1 734605.3 4 14 
255.210 342773.5 734605.3 4 14 
254.177 341 179.3 734605.3 2 14 

2fifi.fi4fi !l41 23p 5!ld 3Fa 3.41 23p 54p 1Pl 363060,9 75437RJI 3 14 

255.447 3s 23p 53d 31'3 3s 23p 54p 3P2 360 171.9 751 649.3 0 14 
252.837 363060.9 758572.1 0 14 

251.124 3s 23p53d 3F3 3s23p 54p ID2 360 171.9 758374.4 2 14 

250.311 3s 23p53d 3Pl! 3s 23p 54p 3D3 346 137.1 745631.1 3 14 
245,431 341 179.3 748629.3 2 14 

246.599 3s 23p 53d 3Pl! 3s23p 54p 3P2 346 137.1 751 649.3 4 14 
244.565 342773.5 751 649.3 1 14 
242.461 346 137.1 758572.1 1 14 
241.393 342773.5 757035.8 2 14 

242.953 3s23p 53d 3P'l 3s23p 54p IP1 342773.5 754378.9 2 14 

242.579 3s 23p 53d 3P2 3s23p 54p ID2 346 137.1 758374.4 4 14 

202.828 3s 23p 6 ISO 3s 23p53d IPl 0 493035.4 14 3.09 1.67 + 11 C 14°,112·,11, 
12,3,5 

179.776 3s 23p 53d 1F3 3s 23p 5CZP3rJ)4J 21%14 389226.2 945475.7 3 14 

179.682 3s23p 53d 3Di 3s 23p5CZP3rJ)4J 2[%12 386616.6 943 149.1 14 

178.851 3s23p53d ID2 3s23p 5CZP3t2)4j 2[%h 382682.3 941 811 0 14 

177.806 3a23p 53d 3D3 3s23p 5(2P3r.::)4J 2[%la 382737.4 044866.7 4 14 
176.053 386616.6 954623 5 14 
175.812 385828.3 954623 4 14°,13 

177.694 3s 23p53d 3Da 3s 23p5CZP3rJ)4j 2[%J4 382737.4 945475.7 4 14 

176.916 3s 23p 53d IDi 3s23p5CZP3r.l)4j 2[%la 382682.3 947917.4 3 14 

176.613 3s 23p fi3d !lD3 3.s?3p fieP3r.l)4j 2[7/214 382737.4 948943.9 8 14°,13 

176.295 3s 23p53d IF3 3s 23p 5ePlt2)4j 2[112la 389226.2 956454 14 

175.315 3s 23p53d 3Di 3s23p5CZPlr.l)4j 2[%Ja 386616.6 957004.6 7 14°,13 

174.286 3s 23p53d IDi 3s23p 5ePlr.l)4j 2[112]3 382682.3 956454 6 14°,13 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1297 

Cr VII (Ar sequence) -; Continued 

A (A) Classification Energy Levels (em - I) Int. gf A (S-I) Ace. References 

174.070 3s23p53d 3Da 3s23p5CZPi/~Hf 21%14 382737.4 957205.1 14 

170.982 3s23p 53d 3~ 3s 23p 5enfl)4j 21 712]3 363060.9 947 917.4 6 14°,13 
170.139 360 171.9 947 917.4 2 14 
IlHl.R42 ::lflO 17Ul 94R Q4~Jl 14 
169.084 357543.7 948943.9 14 

170.850 3s23p 53d 3F3 3s 23p 5CZnll)4{ 21%]4 360 171.9 945475.7 8 14°,13 
170_393 957,1'\43-7 944416_8 10 14°,13 
170.086 357543.7 945475.7 1 14 

168.523 3s23p53d 31'1 3s 23p 5CZPifl)4j 2FIzh ,363060.9 , 956454 3 14 
167.496 360 171.9 957205.1 5 14 

167.496 3s 23p53d 3p~ 3s 23p5cznfl)4j 2[%12 346 137.1 943 149.1 5 14°,13 
166.936 342773.5 941 811 3 14°,13 
166.560 342773.5 943 149.1 4 14°,13 
166.488 341 179.3 941 811 2 14°,13 

167.020 3s23p53d 3p~ 3s 23p5eP3fl)4{ 2[51z1a 346 137.1 944866.7 7 14'\13 

148.714 3s23pfl ISo 3s 23p 5CZP3fJ4s 2[3/21i 0 672 427.7 10 1.3-1 1.3+10 D 14°,112·,10 

146.497 3s23pfl ISo 3s Z3p 5ep1ll)4s 2[ 1 hn 0 682610.2 12 2.9-1 3.0+ 10 D 14°,112.,10 

116.654 3s23pfl ISo 3s 23p 5CZP3Il)4d 2[1IzJl 0 857234.5 14 

115.407 3s23pfl ISO 3s23p 5ep3fl)4d 2[%]1 0 866502.8 8 14°,2 

114.235 3s23pfl JSo 3s 23p 5ep~(.!)4d 2[%11 0 875380.5 8 14°,2 

105.139 3s23pfl JSo 3s 23p 5ePlb)5s 2[%11 0 951 122 3 14°,10 

104.127 3s 23pfl ISo 3s 23p 5(2Pill)5s Z[l/2Ji 0 960366 3 14°,10 

101.565 3s 23pfl ISo 3s3pfl4p 3Pi 0 984590 0.8 15 

100.593 3s 23pfl ISO 3s3p 64p lPi 0 994 105 2 14°,15 

96.760 3s23pfl ISO 3sz3p5ep~d5d 2[%n 0 1 033485 2 14 

95.917 3s23pfl 180 3s23p5CZP~(.!)5d 21%Ji 0 1 042568 14 

92.969 3s 23pfl 180 3s 23p5ep3rl)6s 2[%11 0 1 075627 14 

92.128 3s23pfl ISO 3s 23p 5epjfl)6s 2 [1/2 Ij 0 1 085446 0 14 

81.980 3s 23pfi ISO 3s3pfl5p 3Pi 0 1 219810 15 

81.491 3s 23pfl ISO 3s3p 65p IPJ 0 1 227 130 4 15 

74.875 3s 23pfl ISO 3s3p 66p IPJ 0 1 335560 15 

71.744 3s23pfl 180 lPi 0 1 393840 15 
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CrvlII (CI sequence) 

). CA) Classification Energy Levels (cm -1) Int. gf A (S-1) Acc. References 

430.713 3s23p 5 2Pin 3s3p 6 2SIt..! 9892 242065 7.0-2 1.2+9 C- 17°,112·,30,8,16 
413.112 an It..! 0 242065 1.43-1 2.79+9 C-'- 17°,112.,18,30,8,16 

221.41 3s 23p 5 2Pit..! 3s 23p "e D)3d 2SIn 9892 461 540 5.40-1 3.68+ 10 C- 19°,112. 
216.67 an In 0 461 540 1.3 9.5+ 10 C- 19°,112· 

213.03 3s23p 5 2Pin 3s23p4(3p)3d 2pat..! 9892 479310 19 
211.42 In In 9892 482910 19 
208.63 at..! an 0 479310 19°,3,5 
207.07 an In 0 482910 19 

205.65 3s23p 5 2Pin 3s 23p 4(3P)3d 2Dat..! 9892 496 170 3.66 1.44+ 11 C 19°,112·,3,5 
205.01 at..! 5n 0 487780 5.76 1.52+ 11 C 19°,112·,3,5 
201.54 at..! at..! 0 496170 1.6-1 6.8+9 D 19°,112· 

147.49 3s 23p "ep)3d 4F7t..! 3s23p 4ep)4J 4G~r..! 22°,26 
147.20 9t.! un 22°,26 
146.63 St..! 7t..! 22°,26 

147.30 3s23p4(1D)3d 2Ggn 3s23p4(1D)4J 2H~It..! 22°,26 

146.37 3s23p4ep)3d 4F7n 3s23p4(ap)4J 2G~t..! 22°,26 

143.17 3s23p 4(ap)3d 4D7n 3s23p 4caP)4J 4F9t..! 22°,26 

135.892 3s 23p s 2P3a 3s 23p 4(ap)4s 4P5t..! 0 735880 21 
134.942 an m 0 741 060 21 

135.185 3s 23p 5 2Pit..! 3s23p4(ap)4s 2Pan 9892 749640 8 21°,16.1 
134.076 In Jr.l 9892 755740 3 21°,164 

133.395 9.1'2 912 0 749640 fi 21°,16.1 
132.321 3t.! It..! 0 755740 10 21°,16.1 

131.638 3s 23p 5 2Pit..! 3s23p \1 D)4s 2Dat..! 9892 769550 21 
129.998 at..! 5t..! 0 769240 21 

125.728 3s 23p 5 2Pin 3s23p4(1S)4s 2SIt..! 9892 805260 21 
124.184 at..! In 0 805260 21 

106.68 3s 23p 5 2P1t..! 3s 23p"caP)4d 2Dat..! 9892 947300 22°,26 
105.69 at..! St..! 0 946200 22°,26 

103.92 3s23p 5 2Pin 3s 23p4(1D)4d 2PIn 9892 972200 22°,26 
103.03 an at.! 0 970600 22°,26 

103.48 3s 23p 5 2P3tl 3s 23p4(1D)4d 2SIt.! 0 966400 22°,26 

103.36 3s23p s 2Pit..! 3s23p4(1D)4d 2Datl 9892 977400 22°,26 
102.45 at..! St..! 0 976 100 22°,26 
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Cr IX (S sequence) 

A (A.) Classification Energy Levels (em - 1) Int. gf A (s- I) Ace. References 

4821.4'" &')311" ~Po 3~')3pd ID2 9 G49 30284 E2 0.1-4 E 112+ 

4450.5° 7821 30284 Ml 4.2+0 E 112* 
330 1.1 c 0 30284 Ml 3.0+1 D- 112* 

2733.6c 3s 23p4 ID2 3s23p 4 ISo 30284 66855 E2 6.4+0 D- 112* 

1693.9c 3s 23p4 3PI 3s 23p4 ISO 7821 66855 Ml 3.3+2 E 112* 
1495.8c 0 66855 E2 8.8-1 E 112* 

432.440 3s 23p4 3PI 3s3p 5 31'2 7821 239068 4 17°,8,23 
424.146 9549 245317 4 17°,8,23 
421.057 7821 245317 5 17°,8,23 
418.290 0 239068 6 1.9-1 1.4+9 E 17°,112*,8,23 
414.602 7821 249010 r. 17",8,23 
407.637 0 245317 17°,8,23 

418.925 3s 23p4 ISO 3s3p" IP] 66855 305561 4b 17 

363.271 3s 23p4 ID2 3s3p 5 11>1 30284 305561 3.4-1 5.7+9 0 17°,112*,8,23 

327.267 3s 23p4 3P2 3s3p 5 11>1 0 305561 0 17 

223.87 3s 23p4 3P1 3s 23p 3(lDQ)3d 3~ 7821 454510 23°,19 
220.02 0 454510 3.3 9.2+ 10 E 23°,112*,19 

215.97 3s 23p4 ID2 3s 23p 3(lDO)3d ID:; 30284 493310 3.8 l.I+ll D 23°,112*,19 

215.04 3s 23p4 ISo 3s 23p actDo)3d 1P'l 66855 531 880 2.6 1.3+ 11 D 23°,112· 

211.97 3s 23p4 3PI 3s23p 3(4S0)3d 3D2 7821 479570 23°,5 
211.32 9549 482760 23°.5 
210.61 0 474810 24°,23,5 
208.53 0 479570 23 

209.44 3s 23p4 IDz 3s 23p 3('1DO)3d 11'3 30284 507750 6.5 1.4+ 11 D 23°,112·,5 

180.57 3s 23p33d 3G~ 3s 23p 34p 3F4 26 

176.86 3s 23p 33d 5D4 3s23p 34p fjp3 26 

131.08T 3s 23p aeDO)3d IG4 3s23p 3(2DoHf IH5 26 

129.99 3s 23p3eP")3d 31'4 3s 23p 3(2p")4J 3G5 22°,26 

129.77 3s 23p 3eDO)3d SG5 3s23p .1eDoHf 3Hfi 22°,26 

127.95 3s23p 33d 5D4 3s 23p 34J 5F5 22°,26 
127.88 22°,26 

127.53 3s23p SeD")3d 3F1 3s23p 3(2DoHf 3G5 22°,26 
127.42 22°,26 
127.31 22°,26 

123.226 3s 23p4 3PO 3s 23p 3(48°)4s 3S~ 9549 821 100 25 
122.964 7821 821 100 1 25 
121.781 0 821 100 2 25 

122.720 3s 23p4 ISO 3s 23p 3epO)4s IP'j 66855 881810 25 

121.293 3s23p4 ID2 3s 23p 3(2DO)4s ID~ 30284 854730 3 25 

119.569 3823p4 3PO 38 23p 3(2DO)4s 3D1 9549 845900 0 25 
119.320 7821 845900 25 
119.269 7821 846260 25 
118.165 0 846260 25 
117.012 0 847870 2G 
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Cr IX (S sequence) - Continued 

Classification Levels (em-I) Int. gf A (S-I) Ace. References 

117.435 3s 23p4 IDz 3s 23p 3(lp<')4s IP'j 30284 881810 25 

98.08 3s 23p4 3po 3s 23p 3(4S0)4d 3D] 9549 1 029 100 22°,26 
97.97 7821 1 028500 22°,26 
97.19 0 1 028900 22°,26 

96.55 3s 23p4 ISo 3s 23p 34d JP'j 66855 1 102600 22°,26 

96.48 3s 23p4 ID2 3s 23p 3eDO)4d ID2 30284 1 066800 22°,26 

96.17 3s23p4 IDz 3s 23p 3(lDO)4d 1F3 30284 1 070 100 22°,26 

94.33 3s 23p4 ap
i 3D~ 7821 1 067900 26 

Crx (P sequence) 

A Classification Energy Levels (em - I) Int. gf A (S-I) Ace. References 

408a.Oc 3s zap" zDfifol 3sl:3p" llPJr.l a~ 450 t);:1 ~a5 ~2 2.5-1 u- 112· 
3725.8c 

at.! 1/2 37103 63935 Ml 2.6+ 1 C 112* 
3608.2c 

5t.! 3/2 39450 67 157 Ml 2.7+1 C 112* 
3326,4c af.! ar.! 37 103 67157 Ml 6.2+ 1 C 1I2* 

2694.4c 3s 23p a 4S3t.! 3s 23p 3 2D3r.l 0 37103 Ml 1.1 + 1 D 112· 
2534.1c 

at.! 5r.! 0 39450 Ml 3.0-1 E 112· 

1564.10 3s 23p :J 4S3f.! 3s 23p:l 2~/Z 0 63935 0.05 MI 6.0+ 1 D 29',1 12*,28A 

1489.04 afJ af.! 0 67 157 0.09 Ml 1.2+2 D 29°,112*,28A 

449.479c 3s 23p 3 2P3f.! 3s3p4 2Dar.! 67 157 289637 4.0-4 3.3+6 E 112* 
447.529 af.! litt 67 157 290606 2 7.6-2 4.1+8 D 17°,112* 
443.062 Itt af.! 63935 289637 0 2.8-2 2.4+8 D 17°,112* 

427.551 3s 23p 3 4S3f.! 3s3p4 4P5/2 0 233890 7 1.9-} 1.2+9 D 17°,112.,30,8, 
23 

410.090 af.! 3/2 0 Z39987 G 1.3-1 1.31-9 D 17°,112*,0,23 
411.655 3fJ 1/2 0 242922 4 6.8-2 1.3+9 D 17',112*,23 

399.707 3s 23p 3 2D~fJ 3s3p4 2 Daf.l 39450 289637 3 6.6-3 7.1 +7 E 17°,112· 
398.150 SfJ 5/2 39450 290606 10 3.1-1 2.1+9 D 17°,112* ,8,23 
395.984 at.! af.! 37 103 289637 9 2.3-} 2.4+9 D 17°,112*,8 
394,473c 

af'! !'it.! 37 103 290606 4.8-3 3,4+7 E 112* 

375.584 3s 23p :J 2p3t.! 3s3p4 2par.! 67157 333412 a 17 
371.086 !f.:l a/2 63935 333 412 0 17 
365.718 If.! 1/2 63935 337370 2 17 

355.112 3s 23p 3 2P3f.! 3s3p4 281/2 67 157 348760 3 17°,8 
351.U1I2 1/2 1/2 53 ~35 341; 75U U 17·l5 

340.181 3s 23p a 2D~f.! 3s3p4 2Paf.! 39450 333412 17°,8,23 
337.490 af.! 3/2 37 103 333412 17 
333.035 at.! 1/2 37 103 337370 17°,8,23 

254.15 3s 23p 3 2D~t.! 3s 23p 2CP)3d 2P312 39450 432830 23 
252.75 at.! 3/2 37 103 432830 23 
247.67 ~!!l 11'.1 ~7 10.'1 440870 23 

248,4lc 3s23p 3 2D~f.! 3s23p 2CP)3d 4P5t.! 39450 442010 3.2-2 5.7+8 E 112· 
246.97c 

af.! 512 37103 442010 8.8-3 1.6+8 E 112· 
244.14c 

3t.! 1/2 37 103 446710 6.0-3 3.4+8 E 112* 
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SPECTRAL DATA AND GAOTAIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1301 

Crx (P sequence) - Continued 

~ (1.) Classification Energy Level. (em-') Int. gJ A (,-') Ace. References 

244.19" 3s'3p' 2~'VJ. 3s'3p 2(' D)3d 2.D5(2 67157 476680 3.1-1 5.8+9 D 112' 
244.10c 

'" 3('.4 67157 476820 3.7 -3 1.0+8 E 112' 
242.20" ,,, 

'" 63935 476820 1.8-1 5.0+9 D 112' 

233.80 3s'3p' 2Pl/l 3s'3p'('D)Jd 2Ptti 63935 491 650 2:1 
232.96 "'. an 67 157 496430 1.4 4.4 + 10 E 23',112' 
231.21 ,,, :\fl 63 935 496430 4.0-( 1.2+10 E 23',112' 

228.71 3s '31> " ZD~N 3s%,'('D1Jd 3D!,>},} 39450 476680 2.1 4.5+ 10 D 23',112' 
228.64< 

" :If. 39450 476820 2.5-1 8.1 +9 0 1I2' 
227.49" 'V, r'}2 37 103 476580 8.4-2 1.8+9 D lIZ' 
227.42 '''' 3/2 37 1D3 478820 1.6 5.2+ 10 D 23',112' 

998.34 &s~3p3 4~1~ 3023p2(:IP)3d 4pw.:; 112010 9., 7.3+ 10 D 23\1 \~-,!)1 
224.74 :lrJ :112 444960 2.3 1,0+10 D 23',112',31 
223.86 :J(J 1/2 0 4467JO L~ 7.7 + 10 D 23',112*,31 

221.18 3s'3p' 't~m 3s '3p 'CP)3d 2D:>/2 67 157 ,519280 23 
220.42 ."'d ,'J/2 67 157 520820 23 
218.88 ,,, :w 63935 520820 23 

218.830 3s'3p' 2nVl 3s'3p'('D)Jd 2P,'JrJ 39450 496430 2.9-2 1.0+9 E lIZ' 
2l7.71" "., :Y2 37 103 496430 2.1-2 7.H8 E liZ' 

216.72 3.<'3p' 2DsrJ 3.<'3p'(,P)3d 2F7/.i! 39450 500 880 5.0 9.0+ /0 E 23',112*,3,5 

209.78" 3.<'3p" ·S§rt 3s'3p'(,O)3d 2D~""'J 0 476680 4.4-3 1.1 +8 E 112' 

117.09 3s'3p2('D)3d 20M 3s23p24f 2Hiw 22',26 
116.75 1" '12 22',26 

115.29 3.<'3p';)d 4(.'1)/'.1 3s23p24f 4m ll'.! 22',26 

113.70 3s'3p' 2P1r~ 3s'3p 'CP)4s 2PltJ 63935 943300 22',21i 
113.31 

'" 31" 67 157 949800 22',26 

lIU6 3s'3p' '2.P3r.!. 3.< '3p'(,D)4s 2DVJ 67157 967000 22',26 
JII.02 '" '" 67157 967800 22.,26 

110.37 3s'3p' 2D3rl 3s23p'CP)4s 2Plfl 37103 943300 22',28 
109.84 on '" 39450 949800 22',26 

IM.80 3.<'3p' 2-D,~f.l 3s'3p'('D)4s ~DSf.l 39.450 967000 22',26 
107.45 :v~ ~rl 37 103 961800 22',25 

107.70 3s'3p' "8M 3s'3p'(,P)4s 4P1fl. 928500 22',26 
101.14 q~~ .no ?,?".9.A 
100,49 "12 11)2 939 100 22',26 
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1302 ~HIHAI t:I AL. 

Cr XI (Si sequence) 

A Classification Energy Levels (em-I) Int. gf A (S-I) Acc. References 

8345.0c 3s23p2 3po 3s 23p2 3PZ 0 11 980 E2 1.1-3 D- 112* 

3996.8 3s23p2 3P2 3s23p2 ID2 11980 36994 MI 2.6+ 1 E 27°,112*,33,32 
3I77.9c 5536 36994 MI 1.8+ 1 E 112* 

2899.6c 3s3p 3 3D3 3s3p3 3~ 243916 278394 E2 1.4+0 D- 112* 
2874.2c 243916 278698 MI 3.2+ 1 E 112* 
2807.9c 242456 278059 E2 3.5+0 D- 112* 
2799.3c 242346 278059 Ml 4.2+1 E 112* 
2781.7c 242456 278394 E2 2.8-1 E 112* 
2773.3c 242346 278394 Ml 4.2+ 1 E 112* 
2758.4c 242456 278698 Ml 2.5+ 1 E 112* 
2750.1c 242346 278698 MI 7.3+0 E 112* 

2631.8c 3s23p2 ID2 3s 23p2 180 36994 74980 E2 6.9+0 D- 112* 

1587.3c 3s23p2 3P2 3s23p2 180 11980 74980 E2 1.5+0 E 112* 
1440,01 5536 749.80 MI !l,7+? ~ 9.Ro, ) 19.* 

1563C 3s3p 3 582 3s3p3 3D2 178470 242456 Ml 7.5+0 E 112* 
1528c 178470 243916 E2 2.5-1 E 112* 

toOl C 3s3p 3 582 3s3p3 3pt 178470 278394 Ml 1.3+2 E 112* 
997.7c 178470 278698 Ml 2.4+2 E 112* 

600.7 3s23p2 3pz 3s3p3 5S2 11980 178470 35 
578.0 5536 178470 35 

519.12c 3s3p 3 3D3 3s23p3d 3Da 243916 436550 Ml 4.1 + 1 E 112* 

491.608c 3s z3pz ISO 3s3p·l 3PI 74 Y80 :mS3Y4 1.1-;;$ 1:1:1+0 }<; 112· 

483.274c 3s23p2 ID2 3s3p3 3D3 36994 243916 7.5-3 3.1 +7 E 112* 

434.092c 3s23p2 3P2 3s3p 3 3D'j 11980 242346 7.0-4 8.3+6 E 112* 
433.885c 11980 242456 1.0-2 7.4+7 D- 112* 
431.154 11980 243916 1.9-1 9.8+8 D 17°,112*,8,23 
422.282 5536 242346 2.4-2 3.0+8 D- 17°,112* 
422.083 6636 242466 1.1 1 1.0+0 D 17°,112*,8,23 
412.629 0 242346 6.3-2 8.3+8 D 17°,112. 

375.356c 3s 23p2 3pZ 3s3p:! 3pt 11 980 278394 5.0-2 8.0+8 D 112* 
374,927 11980 278698 9.4-1 2.3+9 D 17°,11?*,?3 
366.942 5 536 278059 6.0-2 3.0+9 C- 17°,112* 
366.491 5536 278394 7.2-2 1.2+9 D 17°,H2* 
366.085 5536 278698 4.2-2 4.1+8 D 17°,112* 
359.203c 0 278394 5.5-2 9.5+8 D 112* 

370.959 3s 23p2 ID2 3s3p3 ID2 36994 306570 17°,23 

339.446 3s23p2 3P2 3s3p3 ID2 11980 306570 17 

298.059 3s23pz IDz 3s3p 3 Ipt 36994 372498 17°,8,23 

290.323 3s23p2 3P2 3s3p 3 3S~ 11980 356424 17°,24,8,23 
284.988 5536 356424 17°,24,8,23 
280.572 0 356424 17 

256.32 3s 23p2 ID2 3s23p3d ID2 36994 427090 23 

250.28c 3s 23p2 ID2 3s23p3d 3D3 36994 436550 6.5-2 1.0+9 E 112* 

245.70 3s 23p2 3P2 3s 23p3d 3~ 11 980 418980 23 
241.87 :5 :530 413930 23 
235.03 0 425480 23 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IUNI£t:U l;HHUMIUM laua 

Cr XI (Si sequence) - Continued 

). CA) Classification Energy Levels Cern - I) Int. gf A (S-I) Ace. References 

240.76 3s23p2 ISO 3s 23p3d I~ 74980 490330 1.2 4.8+ 10 D 23°,II2* 

237.24 3s23p2 3PI 3s23p3d ID~ 5536 427090 23 

235.74 3s23p2 3P2 3s23p3d 3D2 11980 436210 23 
235.53 11 080 436550 3.2 5.6+ 10 D 23°,112*,31 
233.26 5536 434240 23 
232.18 5536 436210 23 
230.29 0 434240 23 

226.45 3s 23pz IDz 3s23p3d 11"3 36994 478590 3.2 6.0+10 C 23°,112*,31 

214.31c 3s23p2 3pz 3s23p3d lFj 11 980 478590 6.5-2 1.4+9 E 112* 

203.94c 3s23p2 3PO 3s23p3d I~ 0 490330 4.9-3 2.6+8 E 112* 

117.13 3s23p3d I~ 3s23p4{ ID2 490330 1344100 36 

115.13 3s 23p3d 11"3 3s 23p4J IG4 478590 1 347200 36 

105.65 3s 23p3d 3F3 3s23p4J 3G4 36°,22,26 
105.26 36°,22,26 

100.90 3sz3p2 IDz 3s 23p4s IPj 36994 1 028 100 22°,26 

100.13 3s23p2 3P2 3s23p4s 3~ 11980 1010700 22°,26 
99.67 5536 1008800 22°,26 
99.48 5536 1010700 22°,26 
99.10 11980 1 021 100 22°,26 
98.94 0 1010 700 22°,26 
9R47 5536 1021 100 22°,26 

loo.09T 3s3p 3 ID~ 3s23p4{ 3G3 306570 1 305700 36 

99.13T 3s3p 3 ID~ 3s23p4{ IF3 306570 1315400 36 

83.31 3s 23p2 ISo 3s23p4d I~ 74980 1275300 36 

82.05 3s 23p2 ID2 3s 23p4d IF3 36994 1 255800 36°,22,26 

81.55 3s 23pz 3PZ 3s 23p4d 3D3 11980 1 238200 36°,22,26 
81.23 5536 1 236600 36 
81.02 0 1 234300 36 

81.l8 3s 23pz 3PZ 3s23p4d 3F3 11980 1 243800 36 
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1304 

8907.8C 

8153.8 

555.0 
541.0 
523.26 
520.83 
508.3 

474.046C 

470.868 
460.775 
457.802c 

428.519c 

426.507c 

411.431c 

422.912c 

420.376c 

420.415c 

418.406 
417.006 
415.029c 

412.926c 

410.989 
393.028 

347.233c 

345.911 c 

3447IOc 

33I.871c 

338.689 
336.254c 

335.017 

338.116 
337.772 
336.475(; 

332.126 
325.177 
320.191 

331.687 
318.722 

316.466 
316.466 

312.040 
312.949 
311.849c 

~ILfiR7 

305.816 
300.120 
294.758 

Classification 

3s 23p 2P3f~ 

3/2 

3/2 

If.! 

If}, 

3s3p2 2P3f.! 

af}, 

If.! 

If.! 

3s3p2 2D51''! 

af.! 

5f.! 

af.! 

3s23p 2p~l'.! 

31''! 

If.! 

3s 23d 2D5f.! 

31''! 

51'2 

3t.! 

51'J 

af.! 

itJ 

3/2 

3a 23d 2D;Wl 

!'if"! 

31'.! 

3s 23p 2~12 

3f.! 

Ifl 

If.! 

3s3p2 4Plf.! 

af.! 

5f.! 

If.! 

31'}' 

3p:l 2Plf.! 

af.! 

If.! 

af.! 

3s 3p (lPO)3d 21'5f.! 

3p:l 2D31''! 

af.! 

M! 

51'.! 

3s3p22D3f.! 

5/2 

atl 

3s3p(lpO)3d 2p3tl 

at.! 

3p 3 2P'lfJ 

:ltJ 

afJ 

3p a 4S3f.! 

a/2 

af.! 

3s 3p e PO)3d 2p31'.! 

If.! 

38 3p e PQ)3d 2D~fl 

51'). 

IV}. 

3s3p2 2Pl12 

3/2 

It.! 

af.! 
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SHIRAI ET AL. 

Cr XII (AI sequence) 

Energy Levels (cm - I) 

192 115 

o 

339258 

12261 
12261 
12261 

o 
o 

339258 
339258 
333 199 
333 199 

409752 
408651 
409752 

313752 
313752 

255577 
254435 
255577 
254435 

12261 
12261 

o 

409752 
408651 

203338 
192 115 

409 752 
409752 
408651 

254435 
255577 
254435 

203338 
196904 
l!:'~ 115 

12261 
o 

409 752 
408651 

408661 

409752 
408651 

12261 
12261 

o 
o 

203338 

12261 

504429 

192 115 
196904 
203338 
192 115 
196904 

550208 
551 634 
550208 
551 634 

643 114 
643 114 
652806 

550208 
551 634 

493437 
493437 
495382 
495382 

254435 
255577 
254435 

697 743 
697743 

493437 
493437 

705021 
707 146 
707 146 

550208 
551 634 
551 634 

504429 
504429 
5U442!:1 

313752 
313752 

, 725 713 

724656 

728 194 

729319 
729319 

333\ 199 

339258 
333199 
339258 

Int. A (S-I) Acc. References 

E2 1.3-3 D- 112$ 

Ml 1.55+ 1 C 

6.4 - 3 3.0 + 7 E 

4.0-2 
2.7-1 
1.6-1 
2.8-3 

3.7-2 
2.1-1 
3.5-1 

1.5-2 
1.6-1 

6.6-2 
2.0-1 
3.7-1 
3.4-2 

9.6-3 
2.2-1 
1.5-1 

1.5-2 
1.8-2 

6.0+8 D 
2.0+9 D 
2.5+9 D 
2.2+7 E 

2.2+8 E 
1.3+9 E 
1.7 +9 E 

2.8+8 E 
1.5+9 D 

6.0+8 E 
1.9+9 E 
2.4+9 E 
2.2+8 E 

9.4+7 E 
1.5+9 D 
1.7+9 D 

2.1+8 E 
2.6+8 E 

1.1 - 2 1.5 4- 8 E 
3,4,-3 5.3+7 E 

2.8 
9.0-2 
2.0 

3.4-1 
5.5-1 
6.8-2 

9.0-1 
6.4-1 
;j.~-l 

6.8-2 
3.4-1 

7.6-1 

1.4 
4.0-2 

4.8-1 

1.55 
3.8-1 
3.14-1 

2.0+ 10 E 
8.9+8 E 
2.0+ 10 E 

1.0+ 10 D 
8.0+9 D 
1.0+9 D 

1.4+ 10 D 
9.9+9 D 
5.~+!:I U 

2.1 +9 D 
I.l+1O D 

2.5+10 D 

1.5+10 E 
4.8+8 E 

1.64-10 D 
2.76+ 10 C-
1.4+ 10 D 
6.0+9 C-

35 
35 
35 
35 
35 

112$ 
38°,112$ 
38°,112$ 
112· 

112$ 
38°,112$ 
38°,112$ 
112$ 

112· 
38°,112$,30,8,23 
38°,112$,8,23 

112· 
112· 

38°,112· 
112$ 
38°,112. 

38°,112· 
38°,112· 
112· 

37°,112*,8,23,38 
37°,112$,8,23,38 
;nu,1l~"',1S,2a,;.ns 

38°,112$,8,23 
38°,112.,8,23 

38 
38°, lI2$, " 

38 
38°,112$ 
112* 

38°,112*,30,8,23 
38°,112$ ,30,8,23 
38°,112* 
38°,112*,23 



294.655C 

286.988C 

281.905C 

278. 149c 

278.952C 
274_315c 

276.818 
276.191 

271.822c 

260.429 

259.472c 

255.456 
254.768 

258.040c 

257.282 
251.744 

257.112 
256.370 
253.168 

255.350c 

251.223 
247.065 
246_255 
243.385c 

252.276 
251.578 

244.708 

249-')7~ 

249.374 
246.200 
245.469 
245.469 

243.366c 

222.491 
221.450c 

220.890 

212.666c 

199.329c 

197.774c 

101.16 
101.39 

96.50 
96.35 
96.11 

SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1305 

Cr XII (AI sequence) - Continued 

Classification 

II'..! 

IfJ 

IfJ 

af..! 

5fJ 

3s3p2 4p5f.~ 

afJ 

Ifl 

:l/'J 

If..! 

!l.o:311 2 4pSl'.l 

M! 

If.! 

af.! 

af.! 

3s3p2 2D5f.! 

5fJ 

afJ 

3s 23d 2D:w 

af.! 

3s3p3d 4F7fl 

5fl 

9fJ 

af.! 

3s 3p (I PO)3d 2F1f..! 

If.! 

af.! 

5f.! 

7f.! 

3s3p(iP")3d 2D3!..! 

5f.! 

m 

3s 3p Cpo)3d 4PSf.! 
5f.! 

3fi. 

JI'.l 

If.! 

af.! 

3s3pcaPO)3d 4ml'J 

5f..! 

If..! 

5f..! 

af.! 

5f.! 

5f..! 

3s 3p e po)3d 2P'lf.! 

3s3p4f 4G!lf.! 

7fi. 

11/2 

Energy Levels (em-I) 

255577 

255577 

196904 
192 115 

339258 
::l3::l199 

255577 
254435 

339258 

313752 

339258 
333 199 
333 199 

255577 
254435 
255577 

339258 
339258 
333 199 

203338 
196904 
192 115 
196904 
192 115 

12261 
12261 

o 

203338 
203338 
192 115 
196904 
196904 

313752 

255577 
255577 
254435 

203338 

254435 

203338 

192 115 

400752 
408651 

594957 

604024 

551 634 
551 634 

697743 
697743 

616825 
616503 

707 146 

697743 

724656 
724656 
725 713 

643 114 
643 114 
652806 

728 194 
729319 
728 194 

594957 
594957 
596867 
602987 
602987 

408651 
409752 

408651 

604024 
604342 
598289 
604342 
604287 

724656 

705021 
707 146 
707 146 

652806 

724656 

705021 

697743 

1 305400 
1 395000 

Int. gf 

3.8-2 4.9+8 E 

1.5-2 1.5+8 E 

1.0 - 2 2.1 + 8 E 
4.4-3 9.4+7 E 

4.4-1 9.6+9 D 
3.4-2 7.0+8 D 

8.0-3 1.2+8 E 

References 

112· 

112* 
112· 

112· 
112· 

38 
38 

112· 

1.3 3.2 + 10 D 38°,112· 

1.42-1 7.0+9 C- 112· 
1.3-1 6.7+9 D 38°,112· 

38 

1.0 - 1 1. 7 + 9 E 112· 
6.8-1 1.1+10 E 38°,112· 
1.0 1.3+10 E 38°,112· 

38 
3.0 5.0+ 10 E 38°,112· 

38 

2.0-1 3.4+9 D 112· 
1.1 2.0+ 10 D 38°,112· 

38 
4_4-1 2_4+10 D 38°,112. 
2.2-2 1.2+9 D 112· 

2.5-1 6.6+9 D 38°,112*,31 
1.9 3.4 + 10 D 38°,112*,24,31, 

23,5 
1.1 3.0+ 10 D 38°,112.,31,23,5 

2_62 
1.2 
6.0-1 
6.0-1 

3_5+ 10 c-
2.2+ 10 D 
3.3+ 10 D 
1.1 + 10 D 

38°,112· 
38°,112-
38°,112· 
38°,112· 
38 

2.6 -1 1.5 + 10 D 1 12* 

1.4 2.3+10 E 38°,112· 
5.9-2 1.3+9 E 112· 
1.0 2.3+10 E 38°,112· 

1.1 - 2 1.0 I 8 E 

2.2 -3 1.6+8 E 

7.2 - 3 1.5 + 8 E 

3.6-3 1.6+8 E 

112* 

112· 

112· 

112· 

40 
40 

40 
40 
40 
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1306 SHIRAI ET AL. 

Cr XII (AI sequence) - Continued 

). (1) Classification Energy Levels (em - I) lnt. gf A (S-I) Ace. References 

90.86 3s3p2 4Psr.! 3s3p4s 4pst.! 203338 1 303900 40 

76.488 3s 23p 2P3f.! 3s 24d 2Dsfl 12 261 1 319660 39 
75.815 It.! 3{2 0 1 319000 39 

Crxill (Mg sequence) 

). (A) Classification Energy Levels (em -I) Int. gf A (8- 1) Ace. References 

634.78 3s3d 1D2 3p3d ID~ 662428 819961 1.8-1 6.0+8 D 41°,112* 

560.18 3s3p Ip} 3p2 IDz 304629 483 144 3.0-1 1.3+9 E 41°,112*,22,26 

514.01 3sap lp} 3p2 3PZ 304629 499174 41 

482.17 3s 2 180 3s3p 3Pl 0 207399 1.9-3 1.8+7 E 42°,112*,114 

464.92c 3s3d 3D3 3p3d 3F2 590063 805156 2.0-3 1.3+7 E 112-
462_95 58g 150 805 156 LJ-I Its+8 D 41°,112* 
461.69 588562 805 156 4.5-1 2.8+9 D 41°,112*,8 
451.69 ·590063 Bll 454 1.5-1 6.9+B C 41°,112* 
449.83 589 150 811454 7.5-1 3.5+9 C 41°,112*,8 
437.32 590063 818730 1.20 4.64+9 C 41°,112*,8 

387.40 3s3d lDz 3p3d 11'3 662428 920560 2.3 1.5+ 10 D 14°,112* 

380.70 3s3d 3D3 3p3d 3~ 590063 852734 14 
366.48 588562 861 427 14 

378.79 3s3d 3D2 3p3d 3m 589 150 853 150 14 
369.22 590063 860904 9.1-1 6.4+9 C 14°,112*,8 
367.98c 589 150 860904 1.9-1 1.3+9 C 112· 
366.77 589 150 861 799 41 

377.65 3s3p Ip} 3p2 180 304629 569421 3.3-1 1.5+ 10 C 41°,112·,8 

375.11 3s3p 3P2 3p2 ID2 216557 483 144 1.3-1 1.3+9 E 41°,112· 
362.66 207399 483 144 6.3-2 6.4+8 E 41°,112· 

371.30 3s3d IDz 3p3d Ip'} 662428 931 754 6.5- 1 1.1 + 10 D 41°,112* 

368.10 3s3p 3}>2 3p2 3Pl 216557 488223 3.7-1 6.1 +9 C 14°,112·,30 
364.00 207399 482 122 3.0-1 1.5 + 10 C 14°,112·,30 
;J56.lU 207 ;J99 4~B ~23 ~.;j-l 4.0+Y (j 14v,l1Z·,30 
353.84 216557 499 174 9.5-1 1.0+ 10 D 14°,112·,30 
351.15 203444 488223 3.1-1 5.6+9 C 14°,112*,30 
342.73 207399 499 174 3.0-1 3.4+9 D 14°,112*,30 

352.736 3p3d lPi 3d 2 IDz 931 754 1 215243 44°,45 

336.308 3p3d IF3 3dz IG4 920560 1 217906 2.86 1.88+ 10 c- 44°,112·,45,43 

328.267 35 2 180 3s3p Jp'i 0 304629 9.02-1 1.86+ 10 B 42°,112.,24,18, 
31,30,41 

310.55 3p2 JDz 3p3d 9fi2 483 144 805 156 41 

306.448 3p3d 3Pi 3dz 3F2 861 427 1 187767 44 
297.631 852734 I 188753 44 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1307 

CrxlII (Mg sequence) -' Continued 

~ (A) Classification Energy Levels (cm - I) Int. gf A (S-I) Ace. References 

305.87T 3p3d 3D~ 3d2 3F3 861 799 1 188753 43 
303.960 860904 1 189901 44°,45,43 
298.853 853 150 1 187767 44°,45,43 

296.89 3p2 ID2 3p3d ID~ 483 144 819961 8.5-1 1.3+10 E 41°,112· 

282.84 3p2 3P2 3p3d 3P2 499 174 852734 41°,8 
274.34 488223 852734 41 
267.95 488223 861 427 41 

279.84 3p3d 3P'l 3d 2 3P1 861 427 1 218 751 45 
273.23 852,734 1 218 751 45 
272.61 852734 1 219 532 45 

279.48 3s3p lP'l 3s3d lD2 304629 662428 2.1 3.5+ 10 D 41°,112·,22,26 

278.86 3p3d 303 3d 2 3P2 860904 1 219532 45 
273.74 853 150 1 218 447 45 

276.44 3p2 3P2 3p3d 3Da 499 174 860904 1.8 2.2+ 10 D 41°,112· 
275.77 499174 861 799 41 
269.47 482 122 853 150 41 

276.00 3p2 ISo 3p3d Ip~ 569421 931 754 7.3-} 2.1 + 10 C 41°,112·,8 

269.411 3p3d 3~ 3d 2 3F4 B18730 1 189901 45°,43,44 
265.042 811 454 1 188 753 44°,45,43 
261.359 805 156 1 187 767 44°,45,43 

268.81c 3s3p 3}>2 3s3d 3D1 216557 588562 1.7-2 5.2+8 D 112· 
268.38 216557 589 150 2.6-} 4.B+9 C 41°,112· 
267.74 216557 590063 1.43 1.9+ 10 C 41°,112·,31, 

8,22,26 
262.36 207399 588562 2.6-1 8.4+9 C 41°,112.,31, 

22,26 
261.95 207399 589 150 7.8-1 1.5+ 10 C 41°,112.,31, 

8,22,26 
259.66 203444 588562 3.5-1 1.2+ 10 C 41°,112.,31, 

22,26 

264.73 3p2 ID2 3p3d 903 483 144 860904 41 

252.983 3p3d 102 3d 2 ID2 819961 1 215243 44°,45 

228.62 3p2 ID2 3p3ct 1F3 483 144 920560 1.0 l.8 + 10 t.i 41"',11::::· 

222.911c 3p2 ID2 3p3d IP1 483 144 931 754 6.5-3 2.9+8 E 112* 

97.25 3s3et ID2 3s41 11'3 662428 J 690860 4U 

96.86 3p3d IF3 3p4f IG4 920560 1 953000 40 

93.42 3p3d OVa 3p4J 31"4 86U UU4 1 U::n :34U 40 

92.61 3p3d 3Da 3p4f 3D3 860904 1 940700 40 
92.37 861 799 1 944400 40 

92.16 3p3d 3p<J 3p4f 3DI 861 427 1 946500 40 
92.01 859662 1 946500 40 

U1.855 o.s3d 3Da 384f ;sF4 590063 1 678 740 39°,26 
91.792 589150 1 678570 39°,26 
91.749 588562 1 678 490 39°,26 

91.30 3s3p lp<J 3s4s ISO 304629 1 400000 26 
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CrxlII (Mg sequence) - Continued 

). (A) Classification Energy Levels (em-I) Int. gJ A (S-I) Ace. References 

90.85 3p3d ID~ 3p41 3F3 819961 1 920670 40 

90.17 3p3d 3?a 3p41 3G4 811 454 1 920470 40 
90.02 805 156 1 916020 40 
89.99 818730 1 929970 40 

86.78 3p2 3P2 3p4s 3P2 499 174 1 652000 26 

85.566 3s3p 3}>2 3s4s 3S1 216557 1 385260 39 
84.898 207399 1 385260 39 
84.616 203444 1 385260 39 

82.79 3p2 ID2 3s41 l?a 483 144 1 690860 22°,26 

76.17 3s3p IP'.l 3s4d ID2 304629 1 617480 22°,40,26 

73.31 3p2 ID2 3p4d I.?a 483 144 1 847000 26 

72.88 3p2 3P2 3p4d aDa 499 174 1 871 000 ,26 
72.57 488223 1 866000 26 
72.27 482 122 1 866000 26 

72.13 3p2 ID2 3p4d 3?a 483 144 1 870000 26 

71.86 3p2 3P2 3p4d api! 499 174 1 891 000 26 

71.435 3s3p a}>2 3s4d 3D2 216557 1 616450 39 
71.398 216557 1 617 160 39°,26 
70.973 207399 1 616210 39 
70.973 207399 1 616450 39D,26 
70.792 203444 1 616210 39°,26 

66.983 3s2 ISO 3s4p IP! 0 1 492920 3.38-1 1.67 + 11 E 39°,112.,26 

65.968 3s3d 3Da 3s51 a~ 590063 2105950 39°,26 

65.39T 3s3p a}>2 3p4p aDa 216557 1 746000 26 

65.13 3s3p 3}>2 3p4p 3P2 216557 1 752000 26 

65.04 3s3p 3}>2 3p4p 3S1 216557 1 754000 26 

57.24 3s3d 3Da 3s61 3}<4 590063 2337000 26 

57.24 3s3p 3}>2 3s5s 3S1 216557 1 963000 26 
56.96 207399 1 963000 26 

56.37 3s3p IP'.l 3s5d ID2 304629 2079000 26 

53.765 3s3p a}>2 3s5d 3Da 216557 2076500 39°,26 
53.506 207399 2076350 39°,26 
53.39 203444 2076000 26 

53.02 3s3d 3D3 3s71 3}<4 590063 2476000 26 

49.59 3s2 ISO 3s5p IP'i 0 2017000 1.09 -1 9.9+ 10 C 26°,112· 

49.03 3s3p 3P2 3s6s 3S1 216557 2256000 26 

47.55 3s3p 3P2 3s6d 3D3 216557 2320000 26 
47.34 207399 2320000 26 
47.26 203444 2319000 26 

43.75 3s2 ISO 3s6p Ip] 0 2286000 26 

40.92 3s 2 ISO 3s7p 1 PI' 0 2444000 26 



823.99C 

818.73c 

789.27c 

416.23c 

414.97c 

414.37c 

412.047P 

389.862P 

400.49c 

400.37c 

400.14c 

347.19C 

347.01c 

346.77c 

301.819P 

300.287P 

289.742P 

300.33c 

300J3c 

297.89c 

287.l9c 

2S6.30c 

281.67 

241.67c 

241.49c 

241.41c 

239.23c 

239.03c 

239.03c 

223.65C 

223.61c 
223.47c 

222.84C 
221.8Sc 

221.49c 

217.38C 

2l6.D9c 

216.97c 

216.92c 

2l6.80c 

205.01 
204.91 

SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1309 

Classification 

2p 64p 21>312 

312 

Jrl 

If2 

2pfl5f 2F5f2 

712 

Sf!. 

2p 65d 2D5f2 

5'2 

al2 

afl. 

If!. 

2p 65p 2Paf2 

312 

J/2 

2pfl5f 2F6f2 

7'2 

512 

2pfl5d 2Dlif.! 

3f2 

3'2 

2pfl5d 2D5f2 

st.! 

312 

2p fl4d 2D3f2 

5f2 

3/2 

2pfl4J 2Fgro 

7f2 

512 

512 

312 

2pfl6p 2Pl12 

312 

al2 

3fl 

2pfl6d 2Da/2 

512 

sr.l 

2pfl6J 2~f2 

7fl 

5fl 

5tJ 

at2 

2pfl6d 2Dafl 

5f2 

at2 

2pfl6p 2P'l!'.> 

at2 

2pfl7d 2D3t2 

M! 

5f2 

2p fl7p 2P:lt2 

If2 

afl 

2pfl7J 2F5t2 

7f2 

5t2 

2pfl5p 2Ptt.! 

af2 

afl 

2pfl5d 2D3r~ 

5f2 

512 

Cr XIV (Na sequence) 

Energy Levels (cm -1) 

1 579 180 
1 579 180 
I 573840 

2210730 
2211 080 
2210 730 

o 

o 

2235295 
2235440 
2235295 

2 152020 
2 149290 

2211 080 
2211 080 
2210730 

256500 

256500 

242690 

2 152020 
2 152020 
2 149290 

2 102780 
2 102780 

2235295 
2235440 
2235295 

2 211 080 
2210730 
2210 730 

2 211 080 
2 211 080 
2 210730 

1 700540 
1 701 320 
1 700540 

2 152020 
2 149290 

1 719830 
1 750080 
1 749830 

1 750080 
1 749830 

1 700540 
1 701 320 
1 700540 

2450980 
2452060 
2452060 

242690 

256500 

2484990 
2485210 
2485210 

2424470 
2424470 

2499 105 
2499260 
2499 105 

587825 

589515 

587825 

2484990 
2485210 
2484990 

2450980 
2452060 

2649080 
2649530 
2649530 

2629090 
2629090 
2629090 

2658215 
2658280 
2658 215 

2 149290 
2 152020 
2 152020 

2612050 
2612050 

2 210 730 
2211 080 
2211 080 

2237860 
2237850 

Int. gf 

1.8-1 
1.7 
9.6-1 

5.2-1 
9.36-1 
1.0-1 

2.74-1 

5.84-1 

2.7-1 
3.8-1 
2.0-2 

6.4-1 
3.24-1 

1.9-} 
3.6 
2.6 

1.26-1 

A (S-I) Acc. 

4.5+8 C 
2.8+9 C 
2.6+9 C 

1.0+ 10 C 
9.1+9 C 
1.0+9 D 

5.37+9 B 

6.41 +9 B 

2.8+9 C 
2.7 +9 C 
1.4+8 D 

1.6+ 10 C 
8.2+9 C 

1.7+9 D 
2.5+ 10 C 
2.4+ 10 C 

2.3+9 B 

1.14 1.41 + 10 B 

6.58 - 1 1.31 + 10 B 

8.8-2 
8.0-1 
4.42-1 

1.6-1 
3.10-1 

4.8-2 
6.9-2 
3.4-3 

1.61 1 
9.2-2 
1.8-2 

5.0-2 
1.0 
6.8-1 

3.3-] 
5.9-1 
6.4-2 

1.2-1 
6.28-2 

1.1-1 

1.61 1 
7.8-3 

1.6+9 
9.7+9 
8.3+9 

ft3+9 
6.3+9 

D 
C 
C 

c 
C 

1.4+9 D 
1.3+9 D 
6.5+7 E 

4.71 +9 C 
5.3+9 C 
5.2+8 D 

1.1+9 D 
1.7+10 C 
1.5+ 10 C 

2.2+ 10 C 
2.0+ 10 C 
2.2+9 D 

8.8+9 C 
4.49+9 C 

4.0+0 C 
3.80+9 C 
1.9+8 D 

References 

112· 
112· 
112· 

112· 
112· 
llZ· 

49°,112.,48,18, 
30,42,46 

49°,112.,48,18, 
30,42,46 

112· 
112· 
112· 

112· 
112· 

112· 
112· 
112· 

49°,112·,48,47, 
30 

49°,112.,48,47, 
31,30,22,26 

49°,112.,48,47, 
18,31,30,22,26 

112· 
112· 
112· 

112· 
112· 

112· 
112· 
112· 

lIZ· 
lIZ· 
112· 

112· 
112· 
112* 

llZ* 
112* 
112* 

112· 
112· 

112* 
112· 
112* 

61 
51 
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201.18C 

201.00C 

200.08C 

190.99C 

189.06C 

188.25C 

188.13C 

18B.13C 

187.30 
187.27C 
187.02 

170.12C 

169.63c 

165.74c 
165.71c 

164.96c 

158.34c 
158.25c 

157.01c 

149.07c 

148.47c 

133.26C 

133.20c 
133.06c 

125.35c 

125.32c 
125.22c 

118.30c 

117.56c 

110.40c 

110.37c 

109.75c 

107.79c 

107.69c 

107J:;9c 

104.50c 

104.50c 

104.42c 

102.83c 

102.71c 

101.42 
101.05 
l00.87c 

99.473c 

99.448c 

99.436c 

96.818c 

96.320c 

Classification 

2p 65p 2P3f,! 

af,! 

If,! 

2p 65d 2Dstl 

af,! 

af,! 

2p 64d 2Dstl 

5tl 

atl 

2p 64p 2P3tl 

atl 

Itl 

It.! 

2p 64d 2Dat.! 

Sf,! 

at.! 

2p 64d 2D5tl 

5t.! 

af,! 

Itl 

a/'.! 

1/'2 

91'2 

5/'.! 

a/'l 

2p 64f 2F7/'l 

S/'l 

5t2. 

SHIRAI ET AL. 

Cr XIV (Na sequence) - Continued 

2p 68p 2P3tl 

If,! 

at.! 

Sf,! 

5/'l 

2p 68d 2Dstl 

af,! 

arl 

2p 65d 2Datl 

Sf,! 

af,! 

2pfl6p 2Pit.! 

at.! 

atl 

7/'.! 

St.! 

2p 67p 2P3tl 

Irl 

:w 

51'2 

2pfl6p 2p~r2. 

at.! 

at.! 

ar.! 

2pfl8d 2DMl 

fir.! 

at.! 

It.! 

Energy Levels (cm - I) 

2 152020 
2 1'52020 
2 149 290 

1 579 180 
1 573840 

2211 080 
2 210 7'30 
2210730 

1 701320 
1 701 320 
1 700 540 

'U 

o 

2 152 020 
2 152020 
2 149290 

1 579 180 
1 579 180 
1 573840 

1 478480 
1 478 480 

1 700540 
1 701 320 
1 700540 

1 701 320 
1 701 320 
1 700 540 

1 579 180 
1 573840 

1 579 180 
1 579 180 
1 573840 

1 701 320 
1 700540 
1 700540 

1 701 320 
1 701 320 
] 700 540 

1 478 480 
1 478480 

587825 
589515 
587825 

1 750080 
1 749830 
1 749 830 

1 579 180 
1 573 840 

2649080 
2649530 
2649080 

2 102 780 
2 102 780 

2742280 
2742280 
2742280 

2235440 
2235295 
2235295 

08'/825 
589515 

2755380 
2 755 bUO 
2 755500 

2210 730 
2211 080 
2210 730 

2 149 290 
2 152 020 

2450980 
2452060 
2452060 

2499 105 
2499260 
2499 105 

2424470 
2424470 

2484990 
2485210 
2484990 

2629090 
2629090 
2629090 

2658 215 
2658280 
2658215 

2450980 
2452060 

1 573840 
1 579 180 
1 579 180 

2755380 
2755380 
2755500 

2612050 
2612050 

Int. gf 

3.2-2 
2.9-1 
1.5-1 

1.3+9 
7.9+9 
6.3+9 

D 
C 
C 

References 

112· 
112· 
112· 

4.52-1 4.12+10 C 112· 
112· 2.28-1 2.13+ 10 C 

6.0-2 
3.4-2 
6.8-3 

4.1 
2.1-1 
2.9 

E2 
E2 

1.4-1 
1.6-2 

7.86-2 

9.2-2 
8.4-1 
4.8-1 

2.8+9 C 
3.2+9 D 
3.1 +8 D 

9.6+ 10 C 
6.7+9 D 
9.3+ 10 C 

5.5+5 G 
5.5+5 C 

5.7+9 C 
9.5+8 D 
4.81 +9 C 

6.2+9 D 
::S.7+ lU C 
3.3+ 10 C 

112· 
112· 
112· 

51°,112. 
112· 
51°,112. 

112+ 

112· 

112· 
112+ 

112· 

1.4-1 2.1 + 10 C 112· 
112· 2.88-1 2.18+10 C 

5.6-2 
9.6-2 
1.1-2 

5.1-2 
1.0 
7.2-1 

8.8-2 
4.4-2 

3.3-2 
3.0-1 
1.7-1 

3.7-2 
2.0-2 
4.0-3 

2.0-2 
4.1-1 
2.9-1 

4.8-2 
9.2-2 

1.49 -1 
2.7-1 
3.0-2 

4.6-3 
2.3-4 
3.1-3 

3.4-2 
1.7-2 

1.0+ 10 C 112· 
9.2+9 C 112· 
1.0+9 D 112· 

3.6+9 D 112· 
5.4+10 C 112· 
5.0+ 10 C 112· 

2.1 + 10 C 112· 
1.1 + 10 C 112· 

4.5+9 D 112· 
2.8+ 10 C 112· 
2.3+ 10 C 112· 

5.3+9 D 112'" 
5.7+9 D 112· 
5.7+8 E 112'" 

2.1 +9 D 112· 
3.1 + 10 C 112· 
3.0 + 10 C 112· 

1.5+ 10 C 112· 
1.4 + 10 C 112· 

4.83+10 C 
4.4+ 10 C 
4.9+9 D 

5.1+8 E 
2.5+7 E 
5.2+8 E 

1.2+ 10 D 
6.0+9 D 

40°,112'" 
40°,112'" 
112· 

112· 
112· 
112· 

112· 
112· 



96.065C 

95.993C 

95.993C 

93.467C 

93.427C 

93.002C 

86.183C 

86.164P 

86.059P 

85.020C 

85.011 C 

84.627C 

81.838 
80.916 

69.247 
69.213 
68.594 

64.042C 

64.005 
63.93.1c 

63.539 
63.324 

60.761c 

60.756 
60.699 

54.164 
53.760 

53.690C 

53.672c 
53.641c 

52.367C 

52.363 
52.321 

51.171c 

51.162 
50.812 

49.030c 

48.989c 

48.989c 

48.340C 
48.338 
48.300 

46.527 
46.468 

46.452c 

46.415c 

46.415c 

46.126 

45.835 
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Classification 

2pfl4p 2P3/2 

3/2 

1/2 

2pfl3p 2P3/'.! 

3/2 

I/'.! 

2pfl3d 2D5/,'! 

S/'.! 

3/'J 

2p63d 2Ds/.! 

5/2 

3/2 

2p 63p 2P3/'J 

3/2 

1/2 

5/''! 

3/2 

2p 63d 2D5/'J 

3/2 

3/''! 

Cr XIV (Na sequence) - Continued 

2p 68p 2P3/2 

1/2 

3/2 

2p fi7d 2D3/'.! 

5/'.! 

3/2 

2p 64d 2D3/''! 

5/.! 

3/2 

2p fi5p 2P~/2 

3/''! 

3/2 

2p 65f 2F5/'.! 

7/'.! 

5/2 

2p 66p 21'3/2 

1/'.! 

3/2 

2p 6Qf 2?,V.! 

7/'.! 

S/'.! 

5/''! 

3/2 

2p 07f 2F5/2 

7/2 

5/''! 

2p05p 2p!/,.! 

3/''! 

2p 68p 2P3/'.! 
1/'2 

3/''! 

Energy Levels (cm - 1) 

1 701 320 
1 700 540 
1 700 540 

1 579 180 
1 579 lHU 
1 573840 

589515 
589515 
587825 

1 579 180 
1 579 180 
1 573840 

256500 
242690 

256500 
256500 
242690 

587825 
589515 
587825 

o 
o 

589515 
589515 
587825 

256500 
242690 

589515 
587825 
587825 

589515 
589515 
587825 

256500 
256500 
242690 

589515 
587825 
587825 

589515 
589515 
587825 

o 
o 

589515 
587825 
587825 

266500 
242690 

2742280 
2742280 
2 742 280 

2649080 
~ Ml;l O:iU 

2649080 

1 749830 
1 750080 
1 749830 

2755380 
2755500 
2755500 

1 478480 
1 478480 

1 700 540 
1 701 320 
1 700 540 

2 149290 
2 152020 
2 152020 

1 573 840 
1 579 180 

2235295 
2235440 
2235295 

2 102780 
2102 780 

2452060 
2450980 
2452060 

2499105 
2499260 
2 499 105 

2210 730 
2211 080 
2210 730 

2629090 
2629090 
2629090 

2658215 
2658280 
2 658 215 

2 149 290 
2 152020 

2742280 
2742280 
2 742 280 

2424470 
2424470 

Int. gf 

1.8-2 
1.0-2 
2.0-3 

1.6-2 
1.4-1 

8.2-2 

2.6-1 
5.3 
3.5 

8.28-2 
9.2-3 
4.64-2 

1.1-1 
9.96-1 
5.58-1 

2.4-2 
4.3-2 
4.8-3 

1.37 -1 
2.58-1 

4.9-2 
9.72-1 
6.80-1 

5.2-2 
2.60-2 

1.5-2 
8.4-3 
1.6-3 

1.8-2 
3.7-1 
2.6-1 

3.6-2 
3.3-1 
1.9-1 

6.6-3 
3.9-3 
8.0-4 

9.0-3 
1.78-1 
1.24-1 

4.4-2 
8.4-2 

4.3-3 
2.4-3 
4.8-4 

2.0 2 
1.0-2 

3.3+9 D 
3.7+9 D 
3.6+8 E 

3.0+9 D 
1.8+ 10 c 
1.6+ 10 C 

3.9+ 10 D 
5.9+ 11 C 
5.3+11 C 

1.27+10 C 
2.1 +9 D 
1.08+ 10 C 

3.8+ 10 D 
2.31 + 11 C 
1.98+ 11 C 

References 

112* 
112· 
112· 

112· 
lIZ· 
112· 

112* 
49°,112·,52,26 
49°,112·,52,26 

112· 
112* 
112* 

47°,112*,52 
47°,112*,52,26 
47°,112*,52,26 

1.9+ 10 D 112* 
1.7 + 10 D 47°,112*,22,26 
1.9+9 E 112* 

1.13+11 C+ 
1.07+ 11 C+ 

1.5+ 10 D 
2.19+11 C 
2.05+ 11 C 

5.9+ 10 C 
3.0+ 10 C 

8.5+9 D 
9.8+9 D 
9.5+8 E 

7.3+9 D 
1.1+11 C 
1.0+ 11 C 

2.3+ 10 D 
1.4+ 11 C 
1.2+ 11 C 

4.7+9 D 
5.4+9 E 
5.6+8 E 

4.2+9 D 
6.3+ 10 C 
5.9+ 10 C 

6.7+ 10 C 
6.6+ 10 C 

3.3+9 E 
3.7+9 E 
3.7+8 E 

47°,112*,52,26 
47°,112*,52,26 

112* 
52°,112*,26 
52°,112*,26 

47°,112*,26 
47°,112*,26 

112* 
112* 
112* 

112· 
52°,112*,47,26 
47°,112· 

112* 
52°,112*,47,26 
52°,112.,47,26 

112· 
47°,112*,26 
47°,112* 

52°,112* 
52°,112* 

112· 
112· 
112'" 

3.1 I 10 D 47°,112*,26 
1.6+ 10 D 47°,112*,26 
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1312 SHIRAI ET AL. 

Cr XIV (Na sequence) - Continued 

). (A) Classification Energy Levels (em-I) Int. gf A (5- 1) Ace. References 

46.039 2p63d 2D5t.! 2pfl8f 2F7t.! 589515 2761 590 47°,26 

44.873c 2pfl3p 2P":m 2p 66d 2Dat.! 256500 2484990 1.7-2 1.4+10 D 112 
44.869 at.! 5t.! 256500 2485210 1.51 1 8.3+10 C 47°,112*,26 
44.597 It.! 3t.! 242690 2484990 8.44-2 7.1+10 C 47°,112*,26 

44.59 2p63d 2D5r.! 2p 69f 2F7t.! 589515 2832000 26 

43.60 2p 63d 2D5t.! 2p 61 Of 2F7f.! 589515 2883000 26 

42.453 2p 63p 2P3r.! 2p 67s 281t.! 25650'0 2612050 1.1-2 2.0+10 D 47°,112* 
42.205C 

It.! It.! 242690 2612050 5.2-3 9.8+9 D 112* 

41.796c 2p63p 2P3f.! 2pfl7d 2Daf.! 256'500 2649080 9.6-3 9.0+9 D 112* 
41.788 af.! 5t.! 256500 2649530 8.36-2 5.3+ 10 C 47°,112*,26 
41.556 It.! 3t.! 242690 2649080 4.6-2 4.5+ 10 C 47°,112·,26 

40.800 2p 63s 2SV.! 2p 66p 2pif.! '0 2450980 1.9-2 3.9+ 10 D 47°,112* 
40.782 It.! af.! 0 2452060 3.8-2 3.9+ 10 C 47°,112·,26 

40.018 2p 63p 2P3f.! 2p 68d 2DSf.! 256500 2755380 5.2-2 3.6+ 10 C 47"',112*,26 
40.016c 

af.! af.! 256500 2755500 5.6-3 6.0+9 D 112* 
39.796 If.! 3f.! 242690 2755500 2.90-2 3.05+ 10 C 47°,112.,26 

38.899 2p 63p 2P3f.! 2p 69d 2DSf.! 256500 2827260 47°,26 
38.679 If.! 3f.! 242690 2828070 47°,26 

38.1 2p 63p 2Paf.! 2p 610d 2DSf.! 256500 2880000 26 

38.036 2p63s 28 If.! 2p 67p 2P3f.! 0 2629090 47°,26 
38.036 It.! If.! '0 2629090 47 

37.60 2p63p 2P3f.! 2p6 1ld 2Dsf.! 256500 2916000 26 

36.466 2p63s 2Slf.! 2p 68p 2Paf.! Q 2742 280 47°,26 
36.466 Itl If.! '0 2742280 47 

35.450 2pll3s 2S1f.! 2p 69p 2Paf.! 0 2820870 47°,26 
35.450 If.! If,! '0 282'087'0 47 

21.77'0 2p 63s 2SIf.! 2p s3s 2 2Patl '0 45935'00 53 
21.467 It.! If.! 0 4658300 53 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1313 

Cr xv (Ne seque'nce) 

A (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

1764.5c 2p 5(2po3J2)3s rl2,II2)~ 2p5ePin)3s e/z,1/2)~ 4727500 4784174 Ml 5.2+3 D+ 112· 

702.96c 2p sCZP'ln)3s e/2/h)'O 2p 5CZl>:'v.!)3p 2[ liz It 4784 174 4926429 4.2-3 1.9+7 E 112· 

471.30 2p 5(2P03J2)3s r/2,t/2)'2 2p 5(2P3n)3p 2[ I/zlt 4 714 294 4926429 2 2.4-1 2.5+9 D 61°,112',48 
348.356 4727500 5014563 2 61°,62,48 

440.722 2p 5(21):'1I2)3s r/z,llzn 2p 5CZP3fl)3p 2[%12 4 727500 4954368 3 61°,48 
416.59 4714294 4954368 2 61°,48 
405.035 4 714 294 4961 187 4 7.5-1 4.4+9 D 61°,112·,48,60 

439.15 2p 5CZP'ifl)3s elz,llzn 2p 5eP'ln)3p 2[%lt 4793200 5020941 48 
422.33 4 784 174 5020941 1 61°;48 
402.346 4 793200 5041 714 3 61°,48,60 

411.2R 2p 5(2P09,I'J)3.~ r/2,1/'l)~ 2p 5(2JlgI'.l)3p 2(%1. 4 727500 4970636 2 61°,4R 
392.81 4 727500 4982062 2 61°,48 
373.487 4714294 4982062 2 61°,48 

40R40C ?p 5(2P'w)9p 2[IJuJo ?p 5(2pgJU)3rl. 2r lJun 5014 fi63 5 ?59 419 1.3-2 1.8-1-8 D- J12· 
305.83 4926429 5253448 bl 1.2-1 8.5+9 D 48°,112· 
300.30 4926429 5259419 bl 2.8-1 7.0+9 D 48',,112· 

405.035 2p 5(2P'ifJ)3s eh,l12n 2p 5CZP'lfl)3p 2[ll2lt 4 793200 5039971 4 61 
390.959 4 784 174 5039971 3bl 61°,62,48 
285.375 4 793200 5 143616 61°,62,48 

34ft189 2p 5(2'P?V'.l)3p 2[3l.!b ?p 5(2J>?V'J)3rl. 2[:J/f.d~ , 4 98? OS? 5 ?70 945 ? 61°,62 

325.9 2p 5(2P'ir.!)3p 2 [31::d2 2p 5ePlr.!)3d " 2[%)'2 5041 714 5348574 48 
317.404 5041 714 5356770 2 61°,48,60 
305,205 5020941 5348574 2 61°,48 

322.96c 2p 5(2po3J2)3p 2[112]0 2p 5eP3rl)3d 2[%n 5014563 5324200 1.9-1 4.0+9 D 112· 
290.18 4926429 5270945 48 

321.244 2p 5(2po3l'J)3p 2[512)3 2p 5eP.'Vl)3d 2[7hn 4961 187 5272468 4 1.1 8.1 +9 D 61°,112·,48,60 
315.51 4961 187 5278 128 1 61°,62 
308.895 4954368 5278 128 4 61°,48,60 

320.13 2p s(2Pi.f.!)3p 2l%12 2p 5(2Pi.d3d Zf%12 5041 714 5354045 48 

318.439 2p 5(2P'irl)3p 2[I/2h 2p sePlrt)3d 2(%]~ 5039971 5354045 2 61°,48 

317.682 2p 5(2P.''lI'J)3p 2[::11212 2p 5(2P3rt)3d 21%]3 4982062 5296812 2 61°,48,60 
313.319 4970636 5289794 2 61°,48 

298.11 2p SCZP"3J2)3p 2[%12 2p5eP3n)3d 2[%]2 4954368 5289 794 bl 48 
298.11 4961 187 5296812 bl 62 

240.2 2p 5CZP3rJ)3s r%,I/2)~ 2p 5CZP'1(J)3p 2rlhJo 4727500 5 143 616 62°,48 

104.59 2s 22p 5fPlrJ)3s (l/2,1/2)i 2s2p 63s ISO 4793200 5749300 64 

103.30c 2s 22p 5(2po3J2)3p 2P/21t 2s2p 63p 3p; 4926429 5894500 7.5-2 1.5 + 10 E 112· 

97.87 2s22p seP.''V'.!)3s (%,1/2n 2s2p 63s ISO 4727500 5749300 bl 64 

78.625 2p 5(2Pin)3d 2[%11 2p 5(2Plr.!)4f 2r%)z 5406300 6678200 10 59 
75.446 5354045 6679495 70 59·,66 

77.874 2p 5(2P3r.!)3d 2[%11 2p 5(2P3r.!)4f 2[%12 5324200 6608300 10 59 
74.695 5270945 6609778 60 59*,66 

76.371 2p 5(2P3fl)3d 2[%]3 2p SCZP3r.D4f 2[%]4 5296812 6606203 6 59 
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1314 SHIRAI ET AL. 

Cr xv (Ne sequence) - Continued 

x (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

76.162 2p s(2P03fl)3d 2[%]3 2p 5(2P03fl)41 2[%la 5296812 6609778 25 59 

76.125 2p 5fpo3fl)3d 2[%]3 2p5CZP3I2)41 2(%]4 5296 812 6610 470 100 59°,66 
75.743 5289794 6610006 90 59°,66 

75.886 2p sfP03fl)3d 2(%]2 2p seP3I2)41 2[%]2 5289 794 6607601 59 

75.670 2p 5(2P'I.I2)3d 2[5/2J~ 2p 5(2P'1.12Hf 2[%J.j 5356770 6678300 90 59",66 
75.241 5348574 6677634 50 59",66 

.75.605 2p5f~fl)3d 2[%)3 2p5e~l'l)41 2[%)3 5356770 6679495 59 

75.297 2p s(2P:'1fl)3d 21%13 2p S(2Pal'l)41 2(%14 5 278 128 6606203 90 59",66 
74.975 5272468 6606248 100 59",66 

75.084 2p sfP:'1fl)3d 2[1/213 2p s(2P312)41 2[71zb 5278 128 6610 006 3 59 
75.054 5278 128 6610 470 7 59 
74.738 5272468 6610470 8 59°,66 

74.S):} 2p 5(2»3 ... ..1)3;1. 2[3/:.I1g 2p 5(2P8I'J)4j 2(3JllJll 5270945 6607601 10 59°,66 

74.209 2p S(2P:'1fl)3d 2Ph)~ 2p S(2P3fl)41 21%h 52594]9 6606943 9 59 
74.173 5259419 6607601 20 59 
7:1.884 5259448 6606943 to 59 

73.627 2p 5fP:''lfl)3p 2(%J2 2p5ep3tl)4s (%,Jh)~ 4982062 6340270 5 59 
73.286 4982062 6346291 3 59 
72.692 4970636 6346291 1 59 

72.971 2p 5fP'lfl)3p 2(1/211 2p 5fP1fl)4s e/2,1/2)'O 5039971 6410 346 1 59 
72.849 5 039 971 6412678 5 59 

72.941 2p 5(2P'lfl)3p 2(%h 2p 5(2Plfl)4s (1/2,1/2)1. 5041 714 6412678 2 59 
71.975 5 020941 6410346 1 59 

72J:; 11 2p 5(2P?'lI'J)3p 2[%10 2p 5(2P8/U)4s (%,JJll)Z 4961 187 6340270 20 59 
72.157 4954368 6340270 5 59 
71.845 4954368 6346291 10 59 

70.72R 2p 5(lP??lu)~p 2[l/ob 2p 5(2pgI'J)4J: (%.J/Il)~ 49264?9 6 340 ?70 4 59 
70.428 4 926 429 6346291 1 59 

63.637 2p s(2PO 3/2)3p 2(3/212 2p 5(2p3tl)4d 2[%12 4982062 6553480 3 59 
62.233 4970636 6577496 2 59 

63.061 2p 5fP'lI2)3p 2(J/211 2p 5(2P1rl)4d 2(%d2 5039971 6625741 40 59°,65 

63.061 2p5CZP'lfl)3p 2[3/21z 2p 5epifl)4d 2[%)3 5041 714 6627484 40 59°,66,65 
62.378 5020941 6624071 10 59°,66,65 

62.958 2p 5e~1I2)3p 2[3/2 ]1 2p 5(2P3d4d 21%12 4970636 6559009 10 59°,66,65 

62.842 2p 5CZpo3fl)3p 2[5/2b 2p sCZP3r.!)4d 2[7/2n 4961 187 6552477 50 59°,66,65 
62.754 4 961 187 6554 730 3 59 
62.485 4954368 6554730 25 59°,66,65 

62.318 2p 5fP03l'.!)3p 2[5/21z 2p 5(2P3l'l)4d 2(%]2 4954368 6559009 4 59°,66 

61.746 2p 5(2po3/2)3p 2[1/2]1 2p sep3fl)4d 2(J/2 Jg 4926429 6545969 1 59 
61.639 4926429 6548779 5 59 

61.460 2p 5(.!P:''lfl)3p 2/ 112]1 2p 5(2P3rl)4d 2[%J2 4926429 6553480 3 59 

58.555 2p Sfpo3fl)3s (%,11-;.)1 2p 5eP3rl)4p 2[%]2 4 727500 6435277 3 59 
58.107 4 714 294 6435277 3 59 
58.008 4 714294 6438 194 10 59°,66 
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SPEetAAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1315 

Cr xv (Ne sequence) - Continuede 

>. (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

58.469 2p 5fPjrl)3s (l1z//2)i 2p 5fPjfl)4P 2[%11 4793200 6503510 1 59 
58.194 4793200 6511 590 2 59°,66 

58.350 2p 5fP:'v.D3s rlz,lh)i 2p 5(2P3f2)4p 2 [3/:d 1 4 727500 6441 300 10 59 
57.775 4 714 294 6445 145 2 59 

58.350 2p 5fP.'Vl)3s r/".,l1z),2 2p 5eP3fl)4p 2[1/2h 4 714294 6428094 10 69 

21.213 2p 6 180 2p5eP3fl)3s (%,Ii2)~ 0 4714 294 66°,57 
21.153 0 4727500 4 1.1-1 5.6+ 11 C- 55°,112.,64,56, 

57 

20.863 2p 6 ISO 2p 5(2Pifl)3s (l/2,1/2)i 0 4793200 3 1.2-1 6.0+ 11 C- 55°,112.,54,56, 
57 

19.015 2p 6 ISO 2p 5(2P3rl)3d 2[ %Ji 0 5259419 0 1.0-2 6.3+ 10 E 55°,112* 

18.782 2pfl ISO 2p 5ep~rl)3d 2[%n 0 5324200 2 4.4-1 2.8+ 12 D 55°,112*,54,56, 
57 

18.497 2p 6 ISo 2p 5(2P'iJ'.>J3d 213/?n 0 5 406 300 4 2.49 1.62+ 13 c- 55°,112*,54,56, 
57 

16.965 2s22pfl ISO 2s2pfl3p 3Pj 0 5894500 0 55 

16.889 2s 22p 6 ISO 2s2p 63p 1P'l 0 5921 000 66 

15.21 2p 6 ISO 2p 5eP3fl)4d 2[%n 0 6577496 0 55 

15.06 2p 6 ISO 2p 5ep'lr<l)4d 2[%n 0 6641 000 0 55 

13.991 2p 6 ISO 2p 5CZP3fl)5d 2fllzn 0 7148000 2 58 

13.862 2p 6 ISO 2p 5ePirl)5d 2[3hlj 0 7215000 2 58 

13.416 2pfl ISO 2p 5eP:''lJ'l)6d 2[%]'1 0 7 452 000 58 

13.294 2p 6 180 0 7524000 58 
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1316 SHIRAI ET AL. 

Cr XVI (F sequence) 

x (A) Classification Energy Levels (cm -1) tnt. gf A (S-I) Ace. References 

1410.60 2s22p 5 2P3/2 2s22p 5 2~f.! 0 70892 M1 6.39+3 B 42°,112*,68,67 

115.33 2s22p 5 2~/2 2s2p 6 2S1/2 70892 937940 9 1.18-1 2.95+ 10 C+ 51°,112*,71,48, 
24,70,69 

106.62 a/2 If.! 0 937940 10 2.58-1 7.58+ 10 C+ 51°,112*,71,48, 
24,70,69 

19.995, , 2s22p 5 2~f.! 2s22p4(3p)3s 4Paf.! 70892 5072300 2 72 
19.847 If.! If.! 70892 5 109300 1 72 
19.807 a/2 5/2 '0 5048700 lObi 1.5-2 4.3+ 10 E 72°,112*,73,57 
19.714 3/'.! af.! 0 5072300 20 72°,73,57 

19.951 2s2p 6 2SIf.! 2s 2p 5epo)3s 2P3f.! 9370·940 5950200 6 72°,73 
19.807 If.! 1/2 937940 5986600 lObi 72 

19.807 2s22p 5 2Pif.! 2S22p 4caP)3s 2paf.! 70892 5 118200 10bl 72°,57 
19.714 If.! 1/2 70892 5 143400 20 1.3-1 1.1+12 D 72°,112*,57 
19.538 af.! af.! 0 5 118200 10 72°,73,57 
19.442 at.! If.! 0 5 143400 6 1.1-1 9.9+ 11 D 72°,112.,73 

19.511 2s22p 5 2Pif.! 2s22p 4ctD)3s 2Daf.! 70892 5 196 100 10 2.0-1 8.8+ 11 D 72°,112*,73,57 
19.255 at.! Sf.! 0 5 193500 15 2.6-1 7.7+ 11 D 72°,112*,73,57 

19.038 2s 22p 5 2Pif.! 2s 22p,\JS)3s 2SIt.! 70892 5323500 8 7.0-2 6.4+ 11 D 72°,112* 
18.775 at.! Jf.! 0 5323500 30bl 2.7-2 2.6+ 11 E 72°,112* 

18.017 2s 22p 5 2Pif.! 2s22p4(ap)3d 4p3/'J 70892 5620600 2 72 
17.833 af.! If.! 0 5607600 2 72 
17.793 at.! at.! 0 5620600 2 72°,57 
17.730 at.! 5f.! 0 5640200 3 72 

17.993 2s 22p 5 2Pif.! 2s22p4(ap)3d 2pl t.! 70892 5628500 3 72°,73 
17.856 If.! af.! 70892 5671 200 2 72°,73 
17.633 3f.! at.! 0 5671200 2 72°,73 

17.931 2s!lZp 6 Dpif.! 2s IlZp ·CP)3d DDaf.! 7089Z Ij 648 100 2 72 
17.704 at.! af.! 0 5648 100 2 72°,73 
17.603 3f.! 5f.! 0 5680800 5 72°,73 

17.785 2sDZpE. IlP3r.! ZsIlZp-4Cop)3d -4FM! 0 5622700 5 72 

17.671 2s22p 5 2P3f.! 2s22p4(ap)3d 2F5t.! 0 5659000 4 72 

17.656 2s 2Zpr. 2Pit.! 2s 2Zp 4eD)3d zSIf.! 70892 5734600 1.9-1 2.0+ 12 D 1lZ· 
17.438 af.! It.! 0 5734600 6 9.6-1 1.1 + 13 D 72°,112. 

17.589 2s22p 5 2P'!f.! 2s22p4(lD)3d 2Paf.! 70892 5756200 2 3.8-1 2.0+ 12 E 72°,112* 
17.373° 3/'.! 3f.! 0 5 '{56 200 Z.5 1.4+13 E 112+ 

17.514 2s 22p 5 2P'!f.! 2s22p4(lD)3d 2Daf.! 70892 5780500 3 1.9 1.1 + 13 E 72°,112* 
17.370 3/'2 5/2 0 5 757 100 8 72°,73,57 
l'1.30Ue 

af.! a/2 U b 'lI:SO bOO 4.4-1 2.5+ 12 E 112+ 

17.242 2s22p 5 2PiI'.! 2s22p4(lS)3d 2Dat.! 70892 5870600 5 1.5 8,6+ 12 D 72°,112*,73 
17.073 3/2 st.! 0 5857200 3 3.1-1 1.2+12 D 72°,112*,73 
17.034(; 3t.! af.! 0 5870600 1.7-2 9.9+ 10 E 112· 
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1722.IC 

1656.3 

1340.7 
740.75 

493.8 

147.40 

132.76 

125.35 
125.00 
122.91 

120.84 

116.53 

129.78 

117.20 

101.91 

97.20 

94.69 
94.49 
89.586c 

18.531 
18.531 
18.336 

18.389 

18.336 

18.227c 
18.219 
18.219 
18.020 
17.957 

17.968 

17.201 c 

16.811 

16.696 

SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1317 

Classification 

Cr XVII (0 sequence) 

Energy Levels (em - 1) 

o 
o 

60376 
o 

134 9~8 

60376 

262"970 

134998 

60376 

60376 
58070 

o 

60376 

o 

2s2p 5 IP'} 262 970 

134998 

858 120 

60376 
58070 

o 

60376 
58070 

o 

262970 

134998 

60376 
b~ U'/U 

60376 
o 
o 

60376 
o 

134998 

134998 

134998 

o 

134998 

58070 
60376 

134998 
134998 

262970 

262970 

858 120 

813540 

813540 

858 120 
858 120 
813540 

887920 

858 120 

1 886850 

1 116240 

1 116240 

1 886850 

1 116240 
1 116240 
1 116240 

5455000 
5455000 
5455000 

5700700 

5588700 

5546800 
b 046 ~UU 

5549400 
5549400 
5568900 

5588700 
5588700 

5700700 

5948500 

6074000 

5948500 

6 124400 

Int. gf 

E2 
MI 

Ml 
M1 

E2 

Ml 

References 

1.9-1 E 112· 
4.59+3 C+ 67°,112·,68 

4.0+2 D 68°,112· 
6.6+3 D 42°,112·,68,67 

2.8+ 1 E 112· 

6.4-3 5.0+8 E 112· 

2.4-2 1.4+9 E 51°,112· 

1.23-1 

7.71-2 
9.6-2 
3.7-1 

1.09-1 

1.49-1 

9.3+9 C 

1.09+ 10 C 
1.4+10 C 
3.3+ 10 C 

4.99+ 10 C 

2.44+ 10 C 

51°,112·,71,48, 
24,70,09 

51°,112·,70,69 
51°,112·,70,69 
51°,112.,71,48, 

24,70,09 
51°,112.,71,48, 

70,69 
51°,112.,71,48, 

70,69 

3.54-1 1.4+11 C 51°,112·,75 

5.9-2 9.6+9 C 51°,112.,70 

6.15-1 1.32+ 11 C 51°,112.,71,48, 

8.4-3 

2.0-3 
3.8-3 
3.0-2 

9.0-2 
5.0-2 
2.6-1 

5.9+9 

4.8+8 
9.5+8 
8.5+9 

5.8+ 11 
3.2 + 11 
1.7+12 

70,69 

E 51°,112· 
E 51°,112. 
E 112· 

C- 76°,112. 
C- 76°,112. 
C- 76°,112. 

1.4-1 9.2+11 D 76°,112. 

4.0-1 1.6+ 12 D 76°,112. 

1.0-1 7.0+ 11 D 112· 
~.ij-~ 

5.1-2 
1.5-1 
2.6-1 

1.7+ II D 
2.0+ 11 D 
6.4+ 11 D 
7.8+ 11 C 

76",112' 
76°,112· 
76°,112· 
76°,112· 

4.2-2 1.7+11 E 112· 
2.3-2 9.6+ 10 E 112· 

1.2-1 8.6+ 11 D 76°,112· 

2.1-2 6.8+ 10 E 112· 

6.0-2 2.0+ 11 E 112· 

1.3 4.4+ 12 D 77°,112· 

2.0 6.8+ 12 D 77°,112· 
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1318 SHIRAI ET AL. 

Cr XVII (0 sequence) - Continued 

x (A) Classification Energy Levels (em-i) Int. gf A (S-I) Ace. References 

16.64 2s 22p4 3PI 2s 22p 3(2DO)3d aD~ 60376 6070000 77 
16.46 0 6074000 3.7 1.3+ 13 D 77°,112* 

IG.328c 2s 22p4 3P2 2s 22p 3(2DO)3d IF"?s 0 G 124400 0.0-1 3.2+ 12 E 112* 

16.31 2s 22p4 3P2 2s 22p 3 ePO) 3d 3P2 0 6131 000 77 

16.31 2s 22p4 3Po 2s 22p 3ero)3d 3D~ 68070 6 189000 77 
16.249 60376 6214600 77 
16.221 0 6164800 77 

12.909 2s22p4 ID2 2s 22p 3eDO)4d 1D3 134 998 7882000 74 

12.779 2s22p4 ID2 2s 22p 3eDO)4d 31'3 134 998 7960000 74 

Cr XVIII (N sequence) 

X Classification Energy Levels (em -I) Int. gf A (S-I) Ace. References 

4038.6 2s22p 3 2D3,,2 2s 22p 3 2D~f~ 126060 150814 Ml 1.27 +2 C+ 78°,112*,67 

2606.4 2s 22p 3 2~/2 2s 22p 3 2P3f~ 226 100 264456 Ml 3.82+2 C 78°,112* 

1337.1c 2p 5 2P3/2 2p 5 2Pif~ 1 738700 1 813490 M1 7.6+3 C+ 112* 

1328.3c 2s22p 3 2D5/2 2s 22p 3 2P1f~ 150814 226 100 E2 6.3-1 E 112* 
999.60c 

3t~ 1(.3 126060 226100 M1 3.4+3 D 112* 
879.96c 

5/2 3(.3 150814 264456 M1 5.2+3 D 112* 
722.1 a/2 3(.3 126060 264456 M1 1.6+4 D 78°,112* 

793.4 2.1129,p 3 4gg/l.l ?~2?.p3 2031'.1 0 I?o 000 Ml 0_1 +3 n 7Ro,112*,07 
663.1 3f~ 5f~ 0 150814 MI 3.2+2 D- 78°,112* 

442.1 2s22p 3 483/2 2s 22p 3 2Pifo:! 0 226100 MI 1.3+4 E 78°,112* 
37R.O 3/1.l 31'.1 0 264456 MI 1.6+4 F, 7so,II?* 

248.07c 2s22p 3 2P3/2 2s2p4 4P5(.3 264456 667560 1.3-3 2.3+7 E 112* 
221.98c 

ato:! 3fo:! 264456 714950 3.4-3 1.1 +8 E 112* 
197,48c 

If2 If2 226 100 732490 1.2-3 1.0+8 E 112* 

193.52c 2s22p 3 2mt.:! 2s2p4 4P5f.:! 150814 667560 4.8-3 1.4+8 E 112* 
184.67c 

a/2 5f2 126060 667560 8.0-3 2.6.+8 E 112* 
169.81c 3/2 af.:! 126060 714950 7.2-4 4.2+7 E 112* 
164.90c 

3/2 M! 126060 732490 1.0-3 1.3+8 E 112* 

175.90c 2s2p4 2PI{'l 2p 5 2Pa/2 1 170200 1 738700 3.80-2 2.05+9 C 112* 
]57.40 0/2 012 1 103370 1 738700 4_20-1 2_83+ 10 C 51°,112* 
155.46 1/2 If2 1 170200 1 813490 2.06-1 2.84+ 10 C 51 0 ,112* 
140.82c 

3/2 1/2 1 103370 1 813490 1.58-1 2.66+ 10 C 112* 

151.90c 2s22p 3 2J>g/z 2s2p 42Dar.cl 264456 922800 8.4-3 6.1+8 D 112* 
149.94 afl 5f2 264456 931 420 1.08-1 5.3+9 C 51°,112*,70 
143.53 1/2 3(.3 226 100 922800 3.52-2 2.85+9 C 51°,112* 

149.80 2s22p 3 483/2 2s2p4 4pSf.:! 0 667560 2.4-1 1.2+ 10 C 51°,112*,71, 
48,24,70 

139.87 3/2 af.! 0 714950 1. 75-1 1.49+ 10 C 51 0,112*,71, 
48,24,70 

136.52 a{'l If.! 0 732490 9.28-2 1.66+ 10 C 510 ,112*,71, 
48,24,70 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1319 

Cr XVIII (N sequence) - Continued 

A (A) Classification Energy Levels (em-I) Int. o! A (8- 1) Ace. References 

147.79 2s2p 4 28112 2p 5 2pe'3/.! 1 062040 I 738700 9.38-2 7.2+9 C 51°,112· 
I 33.08c 

1/2 1/2 1 062040 1 813490 4.6-3 8.7+8 D 112* 

129.54c 2s22pa 2D~/2 2s2p 4 2DafJ 150814 922800 2.9-3 2.9+8 E 112· 
128.10 5/2 5f.! 150814 9:n 4~U 4.1 - 1 Z.8+ 10 C 51 ", l1Z· ,'11, 

48,70,69 
125.51 3/2 afJ 126060 922800 3.2-1 3.4+ 10 C 51°,11.2·,71, 

24,70,69 

125.38 2s 22p 3 2P3/2 2s2p4 2SJf.! 264456 J 062040 2.5-2 5.3+9 D 51°,JJ2* 
119.62 1/2 If.! 226 100 1 062040 1.4-1 3.2+ 10 C 51°,112·,79 

123.87 2s2p 4 2D5,J 2p 5 2P3fJ 931 420 1 738700 3.6-1 3.9+ 10 C 51 0,112*,75, 
77 

122.56 3/2 3tJ 922800 1 738 700 1.12-1 1.24+ 10 C 51°,112*,75, 
77 

112.27 3t.! It.! 922800 1 813490 1.60-1 4.24+ 10 C 51°,112·,75 

119.21 2s22p 3 zp,'112 2s2p 4 2P3/2 264456 1 103 370 7.60-2 8.9+9 C 51°,112·,70 
113.99 1/2 3/2 226100 1 103370 5.48-2 7.0+9 C 51°,112·,71, 

70 
110.41 3fJ It.! 264456 I 170200 2.9-1 7.9+ 10 C 51°,112*,71, 

70 
105.92 1/2 IfJ 226100 1 170200 1.7-2 4.9+9 D 51°,112.,70 

108.37 2s22p 3 483/2 2s2p4 2D3/2 0 922800 4.4-3 6.2+8 E 51 0,112* 

106.84 2s22p 3 2D3rJ 2s2p" 28ItJ 126060 1 062040 1.2-1 3.4+ 10 E 51°,112·,79 

104.98 2s 22p a 2D~I'J 2s2p4 2P3/2 150814 1 103370 5.8-1 8.7+ 10 C 51°,112.,71, 
48;70,69 

102.32 31'.1 3tJ 126060 J 103370 9.68-2 1.54 + 10 C 51°,112*,70 
95.77 3/2 IfJ 126060 1 170200 8.48-2 3.08+ 10 C 51°,112*,70, 

69 

99.383c 2s2p 4 "P1/2 2p s 2P3fl 732490 1 738700 1.5-3 2.5+8 E 112· 
97.680c 

31'J al'.! 714950 1 738700 4.0-3 7.0+8 E' 112· 
93.36 SfJ af.l 667560 1 738700 9.0-3 1.7+9 E 51°,112* 
92.507c 

1/2 IfJ 732490 1 813490 1.4-3 5.5+8 E 112· 

94.16 2s22p 3 "83tJ 2s2p4 2811'.! 0 1 062040 2.4-3 9.2+8 E 51 0,112* 

90.63 2s 22p 3 "83fJ 2s2p4 2Paf.! 0 1 103370 1.2-2 2.4+9 E 51°,112* 

15.60 2s 22p a 2D~I'.! 2S22p 2ctD)3d 2F7t.! 150814 6555000 77 

15.519 2s 22p 3 "83f,! 2s22p 2ep)3d "PStJ 0 6 443 000 57°,77 
15.519 3/2 af'! 0 6443000 57 
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1320 SHIRAI £T AL. 

Cr XIX (C sequence) 

A Classification Energy Levels (em - 1) Int. gf A (S-I) Ace. References 

2885.4 2s22p2 3Pt 2s22p2 3P2 47811 82458 Ml 4.69+2 C+ 67°,112.,80 
2090.9 0 47811 Ml 1.81 +3 C+ 67°,112·,80 
1212.7c I 0 82458 E2 1.8-1 E 112· 

979.1 2s22pz 3PZ 2s z2pz IDz 82458 184597 Ml 5.7+3 C 78°,112.,67 
731.1 47811 184597 Ml 5.7+3 D 78°,112·,68,67 

870.6~c 2sz2pz IDZ 2sz2pl.l ISO 184597 298800 E2 1.3+ 1 E 112· 

398.4 2s z2p2 3Pt 2s 22pz ISO 47 811' 298800 Ml 6.4+4 D 67°, II 2* 

31 I. 71 ° 2sz2pl.l apz 2s2p" °S~ 82458 (403268] 1.3-3 1.7+7 E 112* 
281.33c 47,811 [403,268) 8.7-4 1.5+7 E 112· 

278.Uc 2s2p 3 IPj 2p4 3PZ 1 090660 1 450230 5.1-3 8.8+7 E 112· 
236.04c 1 090660 1 514320 1.2-2 4.7+8 E 112· 

267.40c 2s22p2 ISO 2s2p 3 3D! 298800 672770 1.2-3 3.7+7 E 112· 

21O.97c 2s2p 3 ID2 2p4 3PZ 976220 1 450230 2.1-2 6.3+8 E 112· 
185.84c 976220 1 514320 2.2-3 1.4+8 E 112· 

205.32c 2s22p2 IDz 2s2p 3 3Di 184597 671 630 1.0-3 3.3+7 E 112· 
204.85° 184597 672 770 2.3-3 1.2+8 E 112· 
199.11c 184597 686830 2.6-2 6.2+8 E 112· 

203.94c 2s2p 3 3S~ 2p4 3p
Z 959880 1 450230 1.9-1 6.3+9 C 112· 

180.37 959880 1 514320 1.6-1 1.1+10 C 51°,112· 
179.18 959880 1 517990 6.96-2 1.45+ 10 C 51°,112. 

201.89c 2s22p2 ISO 2s2p 3 3p~ 298800 794 130 2.0-3 1.1 +8 E 112* 

201.82 2s2p 3 IP',l 2p4 IDz 1 090660 1 586230 1.27 -1 4.16+9 C 51°,112* 

169.73 2s z2pz 3PZ 2s2p 3 3D~ 82458 671 630 2.1-4 9.5+6 E 51°,112· 
169.40c 82458 672770 3.3-4 2.6+7 E 112* 
165.46 82458 686830 1.69-1 5.9+9 C 51°,112·,71,48, 

24,77 
160.30 47811 671630 1.6-1 8.3+9 C 51°,112·,71,48, 

24,77 
160.01 47811 672770 1.2-2 1.1 +9 D 51°,112* 
148.64 0 672770 8.9-2 9.0+9 C 51°,112·,48,24 

164.06c 2s z2pz IDz 2s2p 3 3p~ 184597 794 130 3.3-3 2.8+8 E 112· 
161.25c 184597 804 750 3.8-3 1.9+8 E 112* 

163.94 2s2p 3 IDi 2p4 IDz 976220 1 586230 6.25- I 3.10+ 10 C 51°,112· 

154.92 2s2p 3 3P2 2p4 3PZ 804750 1 450230 6.35-2 3.53+9 C 51°,112· 
152.42 794 130 1 450230 5.70-2 3.27+9 C 51°,112. 
140.92 804 750 1 514 320 1.23-1 1.38+ 10 C 51°,112· 
138.86 794 130 1 514320 51 
138.15 794 130 1 517990 5.01-2 1.75 + 10 C 51 °,112·,24 
137.89 789 160 1 514320 3.56-2 4.16+9 C 51'\112·,24 

151.27c 2s22pz ISO 2s2p 3 3S~ 298800 959880 4.3-3 4.2+8 E 112* 

143.57 2s2p 3 IPj 2p4 ISO 1 090660 1 787 180 2.2-1 7.2+ 10 C 51°,112*,24 

140.51 2s 22p2 3P2 2s2p 3 3p~ 82458 794130 3.1-2 3.5+9 D 51°,112* 
138.45 82458 804 750 2.45-1 1.71 + 10 C 51°,112*,71, 

77,79 
134.89 47811 789 160 5.40-2 1.98+ 10 C 51°,112. 
133.99 47811 794 130 9.75-2 1.21+10 C 51°,112. 
132.11 47811 804750 9.3-3 7.1 +8 D 51°,112. 
125.93 0 794 130 2.89-2 4.05+9 C 51°,112· 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1321 

Cr XIX (C sequence) - Continued 

). (A) Classification Energy Levels (cm -I) Int. gf A (S-I) Acc. References 

130.99 2s2p 3 3Da 2p4 3PZ 686830 1 450230 3.7-1 2.9+10 C 51°,112.,77 
128.63 672770 1 450230 2.9-2 2.3+9 D 51°,112* 
128.43 671 630 1 450230 1.47 -1 1.19+ 10 C 51°,112* 
118.83 672770 1 514 320 8.58-2 1.35+ 10 C 51°,112*,77 
118.67 671 630 1 514320 1.33-1 2.10+ 10 C 51°,112·,77 
118.31 672 770 1 517990 6.90-2 3.29+ 10 C 51°,112* 

128.99c 2s 22p2 ID2 2s2p 3 381 18459,7 959880 5.5-4 7.3+7 E 112* 

127.95 2s2p 3 3~ 2p4 ID2 804750 1 586230 1.2-2 1.0+9 E 51°,112* 
126.25c 794 130 1 586230 8.4-3 7.0+8 E 112* 

126.33 2s 22p2 ID2 2s2p 3 ID~ 184' 597 976220 5.20-1 4.35+ 10 C 51°,112·,71, 
77,79 

126.30 2s 22p2 180 2s2p 3 Ip~ 298800 1 090660 1.12-1 1.56+ 10 C 51°,112* 

113.97 2s 22p2 3P2 2s2p 3 38Y 82458 959880 3.2-1 5.5+ 10 C 51°,112*,71,24, 
77,79 

109.64 47811 959880 1.33-1 2.46+ 10 C 51°,112·,71, 
77,79 

104.18 0 959880 4.38-2 9.0+9 C 51°,112·,71,79 

111.88 2s22p2 3P2 2s2p 3 lD2 82458 976220 5.0-2 5.3+9 E 51°,112· 
107.71c 47811 976220 2.1-3 2.4+8 E 112· 

111.18 2s2p 3 3Da 2p4 lD2 686830 1 586230 3.4-2 3.7+9 E 51°,112· 
109.34c 671 630 1 586230 4.9-3 5.5+8 E 112· 

110.37 2s22p2 ID2 2s2p :l IP'l 184597 1 090660 3.3-1 6.0+ 10 C 51°,112·,71, 
77,79 

100.70(; 2s2p:l 3Pj 2p4 180 794 130 1 787 180 3.9-3 2.6+9 E 112* 

95.88 2s 22p2 3PI 2s2p 3 IP'l 47811 1 090660 1.5-2 3.6+9 E 51 0 ,112* 

95.514c 2s2p 3 582 2p4 3P2 [403268J 1 450230 4.9-3 7.2+8 E 112· 
90.005c [403268] 1 514320 6.5-4 1.8+8 E 112· 

2.2414 Is22s 22p2 ISO Is2s 22p:l Ip~ 298800 44924000 82 

2.2386 Is22s22p2 ID2 Is2s 22p 3 ID~ 184597 44855000 82 

2.2371 Is 22s22p 2 3PI Is2s 22p 3 3po 47811 44 749000 82 

2.2347 Is 22s22p 2 JD2 lPj 184597 44924000 82 
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1322 

x (A) 

1205.9 

416.35C 

368.13C 

287.58C 

282.03C 

271.72 
258.59c 

213.10 

216.99c 

192.82 
180.85 
161.33 
152.86 

187.79 
176.42 

179.21 
17t>.42 
156.00 

173.42 
169.87 
167.97 
164.63 

148.99 
140.75 
133.82 

147.62T 

131.50 
128.42 

116.05 

135.26 
131.31 
129.26 

130.76 
117.95 

122.29T 

119.29c 

101.63° 
97. 730c 

97.494c 

14.680 

14.660 
14.660 
14.635 

14.533 
14.508 
14.442 

14.466 

Classification 

2s2p 2 2Pat.! 

an 
It.! 

It.! 

2s22p 2P3f.! 

at.! 

In 

2s2p 2 2D5fJ 

an 
5fJ 

af.! 

If..:! 

2s2p 2 2Daf.! 

5tJ 

af.! 

11''! 

2s2p 2 2D5t..:! 

af.! 

af..:! 

2p a 2p~/Z 

3n 
In 
a/I. 

2s2p22D3/Z 

5/Z 

a/I. 

2p a 2D3fl. 

atl. 

5/Z 

5t.! 

2p 3 4S3/J 
at..:! 

a/I. 

3/l 

2p a 2p~/1. 

a/I. 

afl 

If.! 

2p 3 zP3/Z 

at..:! 

J/1. 

2s 2p CP")3d ~P3rl 

2s 2p (apo)3d 2D5tl. 

3/Z 

5/Z 

2s 2p caPO)3d 2F5/l 

5/Z 

7fl. 
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Cr XX (8 sequence) 

Energy Levels (cm -1) 

o 

861 660 

82926 
82926 

o 

861 660 
861 660 
760400 

640980 

861 660 
861 660 
760400 
760400 

847750 
847750 

82926 
82926 

o 

652990 
640980 
652990 
640980 

430650 
391 360 
354570 

82926 
o 

82926 

o 

640980 
652990 
640980 

82926 
o 

430650 
391 360 

43U 6bU 

391 360 
354570 

760400 

652990 
640980 
640980 

652990 
640980 
652990 

861 660 

82926 

1 101 840 

354570 
430650 
354570 

1 229660 
1 248380 
1 229660 

1 101 840 

1 380210 
1 414590 
1 380270 
1 414590 

1 380270 
1 414590 

640980 
652990 
640980 

1 229660 
1 229660 
1 248380 
1 248380 

1 101 840 
J 101 840 
1 101 840 

'{604UO 

760400 
861 660 

861 660 

1 380270 
1 414590 
1 414590 

847750 
847750 

1 248380 
1 229660 

1 414 b9U 

1 414590 
1 380270 

7570100 

7473700 
7462300 
7473700 

7533800 
7533800 
7577200 

7774400 

Int. 

2 

4 

1 
5 
2 
3 

3 

1 

4bl 
7bt 

8 

4 
5 
8 
4 

9 
9 
7 

1 
9 

11hl 

6 
7 
4 

9 
3 

2 

25 

30 
30 
25 

5 
35 
65 

35 

gf 

Ml 

2.0-3 

4.4-4 
2.4-3 
1.0-3 

5.11 +3 B 

1.9+7 E 

1.1 + 7 E 
3.3+7 E 
4.2+7 E 

2.4 - 3 5.4 + 7 E 
1.79-1 2.98+9 C 

1.2-3 4.2+7 E 

2.6-2 2.3+9 D 
3.1 1 1.6+ 10 C 

2.2-3 
1.47 -1 
1.2-1. 

7.26-2 
1.22-1 
2.84-1 
5.88-2 

2.33-1 
1.60-1 
8.90-2 

1.1 +8 E 
0.3+9 C 
8.4+9 C 

4.03+9 C 
7.1 +9 C 
1.12+ 10 C 
2.41 +9 C 

1.75+ 10 C 
1.35+10 C 
8.3+9 C 

a7-1 &8+10 C 

4.60-2 0.7+9 (j 

1.32-1 
1.31-1 
4.28-2 

2.41 + 10 C 
1.27+10 C 
4.27+9 C 

1.3-2 9.8+8 E 
E 8.4-3 9.8+8 

6.6-4 
1.1-3 
4.2-4 

1.1HS 

2.0+8 
1.5+8 

E 
E 
E 

References 

67°,112* ,68,80 

112* 

112* 
112* 
112· 

51°,112* 
112* 
51 

51°,112· 
51°,112· 
51 
51 

51 
51 

51°,112· 
51",112·,7I,~4 

51°,112·,71,24 

51°,112· 
51°,112* 
51°,112· 
51°,112. 

51°,112· 
51°,112. 
51°,112· 

51 
51 ,71,24 
51°,112.,71, 

24,83,77 
01 ", II 2·,83 

51°,112· 
51°,112· 
51°,112· 

51°,24,77 
51 

86 

86 
86 
86 

86 
86 
86 

86 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1323 

Cr xx (8 sequence) 

A CA) Classification Energy Levels (ern - 1) Int. gf A (S-I) Ace. References 

14.457T 2s2p 2 2S lt.:! 2s2p(lPO)3d 203t.:! 847750 7764800 30 86 

14.402 2s2pz 2p3/.! 2s 2p e PO)3d zP31'2 861 660 7806900 80 86 
14.213 Ifl Ifl 760 400 7 796 200 90 86 

14.366, , 2s2p 2 2S11'.:! 2s 2p e PO)3d 2P.'V.! 847750 7806900 40 86 

14.323 2s2p 2 4P512 2s2pepo)3d 4~t.! 430650 7412 400 35 86°,74 

14.213 2s2p 2 4Patl 2s 2p epO)3d 4P5t.! 391 360 7427200 90 86 
14.152 M! atl 430,650 7498700 55 86 
14.066 atl 3fl 391360 7498700 65 86 
14.066 at.! II'.! 391 360 7500 700 65 86 

14.172 2s2p 2 4P51'l 2s 2p caPO)3d 407t.! 430650 7486800 65 86 
14.152 &I'.! &/'.l 430 finO 7496800 fin Rfi 

14.121 It.! 3fl 354 570 7436200 65 86 
14.121 1/'.:! I/'.! 354570 7436200 65 86°,74 

I<U21 2s2p2 "PII,'ll 2s 2p caPO)3d 2m .... .! 391 360 7473700 65 86 

14.066 2s2p 2 2D5t.! 2s2p(1PO)3d 2~t.! 652990 7 762300 65 86 
14.037 at.! 51.! 640980 7765000 100 86 

11.030 2s z2p 2P31''! 2s 245 2S11'l ,82926 9 145000 5 74 
10.940 It.! Il'l 0 9 145000 3 74 

10.840 2s 22p 2~1Il 2-11 24d 2D&I''! 82926 9308000 2 74 
10.712 It.! 3fl 0 9335000 3 74 

2.2263 Is 22s22p 2P3t.! ls2s 22p2 20M ! 82926 45000000 82 

2.2233 lsz2s 22p 2p~t.! ls2s 22p2 2Pltl 0 44978000 82 
2.2222 at.! at.! 82926 45083000 82 

2.2199 ls22s 22p 2Plb ls2s22p2 2S1t.! 82926 45 130000 82 
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1324 

}. (A.) 

4330C 
1565C 

954.47C 

710.38C 

506.12C 
409.95C 

357.23C 

381.49C 

306.72C 

286.43C 

293.15 

290.91C 

259.97 

197.61 
190.98 
184.48 
175.45 
168.62 
165.03 

170.16 

154.61 
140.70c 

149.89 

14.17C 

14.041 
14.00c 

13.950 

13.94C 

13.91c 
13.870 
13.644 
13.779 

13.752 

13.844 

13.844 

13.752 
13.752 
13.684 
13.684 
13.684 
13.60c 

Classification 

o 

SHIRAI ET AL. 

Cr XXI (Be sequence) 

Energy Levels (em-I) 

318030 
341 120 

911 080 
864730 

947080 
911 080 

667 150 
667 150 
667 150 

405020 
341 120 
318030 

o 

911 080 

667 150 

405020 
341 120 
405020 
341 120 
318030 
341 120 

667 150 

405020 
341 120 

o 

ls22p3d Ipt I 254 830 

405020 
341 120 
318030 

ls22p3d 3pZ 1 051 850 

947080 
947080 
911 080 
911 080 
947080 

864730 

Is22p3d lPi 1 051 850 

ls22p3d 11'3 1 051 850 

947080 
947080 
911 080 
911 080 
911 080 
864730 

341 120 
405020 

947080 
911 080 

1 051 850 
1 051 850 

864730 
.911 080 
947080 

667 150 
667 150 
667 150 

341 120 

1 254830 

1 051 850 

911 080 
864730 
947080 
911 080 
911 080 
947080 

1 254 830 

1 051 850 
1 051 850 

667 150 

8275000 

7463000 
7463000 
7463000 

8219000 

8 121 000 
8 134000 
8 121 000 
8 134000 
8204000 

8 134000 

8275000 

8275000 

8219000 
8219000 
8219000 
8219000 
8219000 
8219000 

.t PhvJl. ChAm. RAf. DAhl. Vol. ~? Nn. ~. 1QQ~ 

Int. gf 

Ml 
. Ml 

Ml 
Ml 

Ml 
Ml 

7.2-4 
3.0-4 
2.0-2 

Ml 
Ml 
Ml 

Ace. References 

2.18+2 C+ 112· 
3.45+3 C+ 112· 

5.2+2 C 112· 
1.72+3 C 112· 

6.8+3 
6.3+3 

1.9+7 
4.0+6 
2.1 +8 

6.0+3 
6.8+3 
1.1 +4 

D+ 112· 
D+ 112· 

E 
E 
D 

112· 
112· 
112· 

D 112· 
D- 112· 
D 112· 

1.0-3 2.6+7 D 18°,112.,24, 
I 88,87 

Ml 9.2+4 D 112· 

1.85-1 3.65+9 B 51°,112· 

7.05-2 
5.97-2 
1.88-1 
4.74-2 
6.70-2 
8.73-2 

4.01 +9 B 
1.09+ 10 B 
7.37+9 B 
3.42+9 B 
5.24+9 B 
4.28+9 B 

51°,112· 
51°,112· 
51°,112· 
51°,112· 
51°,112· 
51°,112* 

1.18-1 2.71 + 10 B 51°,112* 

5.05-2 2.82+9 C 51°,112· 
3.6-3 2.4+8 D 112+ 

1.64-1 1.62+ 10 B 71°,112*,24, 
89,51 

1.29 1.41 + 13 C- 112* 

1.3-1 1.4+12 D 112· 
8.1-2 9.1 + 11 D 91°,112+,90 
2.8-2 3.2+ 11 D 112· 

5.5-1 3.8+ 12 C- 91°,112*,90,86 

1.6-1 
9.0-3 
1.22 
3.0-1 
3.4 

1.29 

1.1 + 12 
1.0+ 11 
8.5+ 12 
3.5+ 12 
1.7+13 

D 112* 
D 112· 
C- 91°,112*,90,74 
c- 91 u ,112*,90 
C- 91°,112*,90,86, 

77,74 
1.51 + 13 C- 91°,112.,90 

7.5-2 8.7+11 D 91°,112*,90 

5.20 

3.8-1 
1.35 
1.7-1 
3.3-1 
6.9-1 
5.1-3 

2.59+ 13 C- 91°,112*,86,74 

4.5+12 
9.5+ 12 
1.2+ 12 
1.2+ 13 
8.2+12 
6.1 + 10 

C- 91°,112*,90,86 
C- 91°,112*,90,86 
D 91°,112*,90,86 
C- 91°,112*,90,86 
C- 91°,112.,90,86 
D 112· 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1325 

Cr XXI (Be sequence) - Continued 

). (A) Classification Energy Levels (em-I) Int. gf A (S-I) Ace. References 

13.67c Is22s2p 3P2 Is22s3d 3D2 405020 7721 000 5.5-1 3.9+ 12 C- 112· 
13.647 405020 7 733000 3.0 1.5+ 13 c- 91°,112·,90, 

86,77 
13.55 341 120 7721 000 1.6 1.2+ 13 c- 77°,112·,86,74 

13.60c Is 22s 2p IP'j Is 22p3p IPI 667 150 8022000 1.3-1 1.6+ 12 D 112· 

13.44c Is22s2p IP'j ls22p3p 3P2 667 150 8 109000 1.6-1 1.2+ 12 D 112· 

13.203 Is 22s 2p IP'j Is 22s3s JSo 667 150 8241 300 91°,90 

13.123 Is22s2 ISO Is22s3p 3~ 0 7620000 2.9-1 3.7+12 c- 91°,112·,90 

13.060 Is 22s2p 3Pe, Is 22p3p 3D l 318030 7975 100 8.2-2 1.1 + 12 D 91°,112·,90 
13.01B 341 120 8023000 4.8-1 3.B+ 12 c- 91°,112·,90 
13.018 405020 8087000 7.0-1 3.9+ 12 c- 91°,112.,90,74 

13.018 Is22s2p 3P'j Is22p3p lP l 341 120 B 022 000 tHO,90 
12.981 318030 8022000 91°,90 

12.981 Is22s2p 3P2 Is 22p3p 3S1 405020 8 108700 91 

12.981 Is 22s2p 3P2 Is22p3p 3P2 405020 8 109000 4.9-1 3.9+12 c- 91°,112· 
12.981 341 120 8045000 1.2-1 4.8+12 D 91°.112.,74 
12.87c 341 120 8 109000 3.3-2 2.7+ 11 D 112· 

2.2173 Is22s2p IP'j Is2s2p2 ID2 667 150 45770000 82 

2.2140 ls22s2p 3P2 Is2s2p2 3Da 405020 45570000 82 
2.2115 341 120 45560000 82 
2.2103 341 120 45580000 82 

2.2079 Is22s2 ISO ls2s 22p I~ 0 45290000 82 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



1326 SHIRAI ET AL. 

Cr XXII (Li sequ~nce) 

A (A) Classification Energy Levels (em- 1) Int. gf A (S-l) Acc. References 

1099.9c ls22p 2P!fl Is 22p 2P3n 357490 448410 Ml 6.76+3 B 112* 

279.729 Is22s 2Stfl Is22p 2P!f~ 0 357490 3.86-2 1.65+9 B+ 95°,112*,24,18, 
89,90",ul,88,93 

223.010 1n an 0 448410 9.80-2 3.29+9 B+ 95°,112·,24,18, 
94,89,96°,51, 
88,93 

38.02c ls23p 2P3f.:! ls24d 2Daf.:! 7922000 10552000 2.3-1 2.7+ 11 C+ 112* 
37.65c 

1n 3/2 7896000 10552000 1.2 1.4+ 12 B 112· 
37.55c ar..! M! 7922.000 10585000 2.1 1.7+12 B 112· 

13.549 Is22p 2P:'1f..! Is23s 2S lr..! 448410 7826000 97 
13.393 Jf..! lrl 357490 7826000 97 

13.307c ls22p 2P3tl Is23d 2Dat.l 448410 7963000 2.7-1 2.6+ 12 B 112· 
13.292 ar.l firl 448410 7972000 2.44 1.54+ 13 B 98°,112.,97,74 
13.149 Itl ar.l 357490 7963000 1.34 1.29+ 13 B 98°,112·,97,74 

12.664 Is22s 28112 Is23p 2p<Jr.l 0 7896000 2.54-1 5.28+ 12 B 980,112.,97,74 
12.623 It..! ar.l 0 7922000 4.90-1 5.13+ 12 B 98°,112*,97,74 

9.897c lsll2p lIP3t.l Is u4d uDaf.l 448410 10552000 4.8-2 7.9+ 11 C+ 112+ 
9.865 atl fir.:! 448410 10585000 4.4-1 4.9 + 12 B 98°,112· 
9.809 Itl ar.l 357490 10552000 2.4-1 4.1 + 12 B 980,112. 

9.493 Is22s 2Slfl Is24p 2~rl 0 10534000 98 
9.493 Ifl ar.:! 0 10534000 98 

2.2016 Is22p 2P3!l Is2p 22D5r.:! 448410 45870000 6.8-J 1.6+ 14 C 820 ,112.,99 
2.1982 If.l 3r.l 357490 45849000 6.6-1 2.3+ 14 C 82°,112.,99 

2.1955 Is22s 2SU..! ls2s2p 2p3!.! 0 45 548000 82°,99 
2.1907 If2 I!l 0 45648000 100°,99,82 

2.1854 Is23p 2P3fl Is2p3p 2DM! 7922000 53680000 100 
2.1846 1fl atl 7896000 53671 000 100 

2.1846 ls1l3p IIpat..! Is2p3p uPa!l 7922000 53697000 100 

2.1846 Is23s 2Slf.! Is2p3s 2p<Jfl 7826000 53601 000 100 
2.1846 If..! a/'l 7826000 53601 000 100 

2.1846 Is23d 2Ds!..! Is2p3d 2D5/'l 7972 000 53755000 100 
2.1834 3!,.l 5rl 7963000 53755000 100 

2.1834 Is23d 2D5!'..! Js2p3d 2?'!l 7972 000 53772000 100 

2.1834 1s 24p 2P3f .! Is2p4p 2Ds!l 10534000 56334000 100 
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7351 C 

3815.7C 

3772.5C 

1604.9C 

1150.2C 

1590.5C 

472.02C 

444.00C 
32{).OOr. 

466.36C 

77.21C 

74.89C 

74.21C 

35.714C 

35.346C 

a5.260C 

34.609C 

24.262C 

23.820C 

23.552C 

12.5119C 

12.4048° 

12.2687C 

12.0923C 

11.8507C 

11.8162C 

9.2121C 

SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1327 

Classification 

155p 3}l'1 

Is55 180 

1545 381 Is4p 3p~ 

Is4s 180 

Is3p 3p~ 

ls3p lp~ 

ls2p 3Po 

Is2p lp7 

Is4s ISO Is5p IP. 

!s3p IPJ Is48 ISO 

ls3p Ip~ 

ls3p 3Pj 

Is3s ISO 

Is3p IPj 

Is5p IPI 

Is5p 3p~ 

ls2p Ip) Is3s ISO 

Is2s ISO ls3p l~ 

1s48 ISO 

ls2p IPj 

Is2p 3PJ 

Cr XXIII (He sequence) 

Energy Levels (cm - 1) 

[57 992 '700] 

[58005800] 

[56658500] 

[58006 100] 

[58019400] 

(56684 700] 

[56684 100), (56710600] 

[53760091] 
[5376009i] 

[53821 183) 

[45384 051 I 
[45384 051 I' 
[45384051 ) 

(45614364] 

[45384 0511 

(56710 600) 

(56684700) 

(56684 100] 

[50058 GOO] 

1538840561 

[53822402) 
[53847036] 

(53884056] 

(45595907] 
[45609274] 
[45691 687) 

(45828791] 

{45 828 7911 

(58005800] 

[57992 700) 

(58019400] 

(G8000 100] 

156684l00J 

[GS 890 154], (GO 710 (00) 

[53884056} 

(538224021 

[53821 183) 

[537600911 

[53884056] 

(53822402] 

[53821 183] 

(53760091] 

[45828791] 

l4b I:S~I:S '(~1 j 

[45609 274) 

[45614364] 

[45384051] 
[45384051] 

145828791J 

[458287911 

[456092741 

(56713200) 

(56658500] 

[56710 600] 

[56684 700] 

[580058001 

[57992 7001 

[58019400] 

[58006 100} 

[53821 183] 

ll);:$ I:S~U Ib4J 

[53760091 ) 

(53884056) 

(53822402) 
(53847036] 

156684 100J 

[56713200] 

(56658500) 

Int. gf 

1.11-2 
3.36-2 
8.10 2 

3.27-2 

4.41-3 

1.6-1 

1.6-1 

4.5-1 

4.53-1 

1.0-1 

9.9-2 

4.05-1 

4.03-1 

2.3-2 

2.3-2 

1.04-1 

1.0-1 

4.5-2 

4.2-2 

3.68-1 

3.69-1 

9.3-3 

9.3-3 

3.33+8 B 
3.77+8 B 
1.02 +9 B 

References 

112· 
112· 
112*,94 

3.34+8 B 112· 

1.94+8 D 112* 

1.8+11 C 112· 

6.3+ 10 D 112* 

1.8+ 11 D 112· 

5.3+ 11 C 112* 

1.8+ 11 C- 112· 

7.5+ 11 C 112· 

7.8+ 11 C 112+ 

2.6+ 11 C 112* 

8.9+ 10 1) 112· 

4.08+ 11 C+ 112· 

,4.2+ 11 C 112* 

1.9+ 12 C+ 112· 

6.2+ 11 C- 112· 

5.6+ 12 C 112· 

5.8+ 12 C 112· 

7.3+ 11 C 112* 

2.5 + 11 D 112· 
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Cr XXIII (He sequence) - Continued 

). (A) Classification Energy Levels (cm -1) Int. gf A (S-I) Acc. References 

9.0121c 182s ISO ls4p Ip,! [45614364] [56710600] 8.9-2 2.4+ 12 C+ 112* 

8.8490c 1828 3S1 Is4p 3P'l [453840511 [56684700} 9.0-2 2.6+ 12 C+ 112* 

8.2122c Is2p 1}>1 Is5s ISo [45828791] [58005800] 3.9-3 3.9+ 11 C 112· 

8.0753c Is2p 3}>1 Is5s as} [45609274] [57992700] 3.9-3 1.3+ 11 D 112* 

8.0612c 182s 180 Is5p 1p,! (45614364) (58019400) 3.7-2 1.3+12 C+ 112* 

7.9226c Is2s 38} Is5p 3P'l (45384051) [58006 100] 3.6-2 1.3+12 C+ 112* 

2.20342c Is2 180 Is2s 381 0 [45384051] Ml 9.37+7 B 112·,99,82 

2.19254c Is2 180 Is2p 3p'l 0 [45609274] 5.05-2 2.34+ 13 B 112*,99,82 
2.18858c 0 [45691 687] M2 3.45+9 B 112·,100,99,82 

2.18203c Is2 ISO ls2p IP'l 0 [45828 791J 7.21-1 3.37 + 14 B 112·,102,100, 
101,99,103, 
104.82 

1.85796c Is2 ISO ls3p 3p,! 0 [53822402) 1.3-2 8.4+ 12 E 112· 

1.85584c Is2 ISO ls3p 1p,! 0 [53884056] 1.39-1 8.97+ 13 C+ 112· 

1.76414c 182 ISO Is4p 3P'l 0 [56684700J 4.5-3 3.2+ 12 E 112· 

1. 76334c Is2 ISO Is4p }P,! 0 [56710 600] 5.14-2 3.68+ 13 C+ 112·,101 

1.72396c Is2 ISO Is5p 3P'l 0 [58006 100) 2.2-3 1.6+ 12 E 112· 

1.72356c 182 180 Is5p 1}>1 0 [58019400] 2.48-2 1.86 + 13 C+ 112·,101 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1329 

Cr XXIV (H sequence) 

). Classification Int. Ace. References 

2805.72c 3s 2S lf.! 3p 2P3fl (56599131) [566347621 4.06-2 8.60+6 A 111· 

2728.75c 3p 2Pii'.! 3d 20:W (56598060) [566346961 2.61-2 5.84+6 A Ill· 

B30.B6Bc 2s 2SJtl 2p 2P3/l [477232401 [47843596J 2.28-2 5.52+7 A 111· 

32.5023c 3d 205/2 4f 2~fl [56646755) [59723456) 5.82 4.60+ 12 A Ill· 

32.4027c 3p 2P3fl 4d 20Sf.o! [566347621 [597209291 2.23 2.37+ 12 A 111· 

32.0849c 3s 2S1fl 4p 2P3fl [56599 131) [597158(6) 6.56-1 1.06+ 12 A 111· 

22.2261c 3d 2D5t.! 5f 2~fl [5(646755) (61 145978) 8.96-1 1.51+12 A 111· 

22.1733c 3p 2P3fJ 5d 2Dsf.! [56634 762) [61 1446831 5.03-1 1.14+ 12 A Ill· 

22.0121c 3s 2S1fl 5p 2P3fl [56599 131] [61 142091) 1.63-1 5.61 + 11 A 111· 

11.3596c 2p 2P3fJ 3d 3Dr;fJ (47843596) [5664(755) 2.51 2.16+ 13 A 111* 

11.2214c 2s 2S1fl 3p 2P3fl [47723240] [56634762J 5.89-1 7.80+ 12 A 111· 

8.41940c 2p 2P3f.! 4d 2D5fl [47843596) [59720929) 4.39-1 6.89+ 12 A 111· 

1).;j;j/:S4oc 2s z~lf.! 4p zP3/l [47 72;j ~40) [5!J 715 HoG) 1.39-1 3.32+ 12 A Ill· 

7.5181Sc 2p 2P3/.! 5d 2D5/.! [47843596J 16I 1446831 1.60-1 3.15+ 12 A jJ 1· 

7.4Ci2201' 2s ?Slfl Cip ')P3f.! [47723240] [01 142091] U.05-2 1.70T 12 A 111+ 

2.095567c Is 2Slf.! 2p 2p1tJ 0 [47 719 790) 2.79-1 2.12+14 A 111* 
2.090144c 

Ifl 3tl 0 [47 843 5961 5.60-1 2.14+14 A 111* 

1. 766845c Is 2S ItJ 3p 2P~tJ 0 [565980(0) 5.31-2 5.68+ 13 A Ill· 
1. 765700c 

It.! 3t.! 0 [5(634762) 1.06-1 5.69+ 13 A 111· 

1.674597c Is 2S lf.l 4p 2p~I'.l 0 [fig 71fiRM) 3.90-? 2.3?4-13 A 111· 

1.635534c Is 0 1.87 -2 1.17+13 A 
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5. Explanation of Grotrian Diagrams 

Notations on the Diagrams generally have the same 
meanings as for the Tables (see Fxp1::lnation of Tahles). 

Abscissa 
Energy of the levels in cm -1. 

Short vertical Jines 
Energy levels are indicated as the vertical lines. 
The electronic configuration (with the parentage 
in parentheses) and the level energy in em -I are 
given to the right of the vertical line, and at the 
top is the J value. Energy levels with the same LS 
label for the upper term are grouped together. 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 

The term designation is given at the right of the 
diagram; the ordering is by increasing multiplic~ 
ity and orbital angular momentum. For the lower 
level, the term is adjacent to the configuration. 

Horizontal lines 

Limit 

Transitions between levels. The number below 
each line gives the transition wavelength in 
Angstroms (10-8 cm). Heavier dashed Jines indi
cate resonance transitions with absorption oscil~ 
lator strengths f ~ 0.01. 

Principal ionization limit in cm- I and eV. 
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6. Grotrian Diagrams for Cr v through Cr XXIV 

o 

1.0 

2847.73 C 

2818.47 c 
51146; 4 

t---l3dZ 
2633.68 c 

51146.4 
o 

.--__ ..... 13d 2 1955.l1 c 

51146.4 

v_ 

l ~~:n: 16041.0 
15676.6 

13188.0 

2.0 3.0 

t--....,..."..,..".-"..,...,,-..... l3 d4 d 
1259.986 319284.0 

~_~~~~l3 d4 d 
1073.367 319284.0 

l
l3d4p Ipo 

L 239917.5 
226119.8 

+-----....,..,.~...,..,....----_1l3d 4p 
529.H2 239917.5 

+---------:-....,..,,-~,....__---~l3d 4p 
446.672 239917.5 

~-------:-:-:-~=--___ --4l3d4p 
441.056 239917.5 

L 
Q, 

/3dh 10 

L 171698.1 'l; ~ 51146.' ~ 16041.0 
13188.0 

-o 

I I I 

4.0 

-o 

I 

Cr V(Ca-sequence) 

5.0 

L 

3 
...... rT 

~c:.n 
• 0') 

~ 0 
en N 
~ 0 
<0 
--3 

.!. 

6.0 

-

Ip 

-

I 
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w .. 

1.0 

II~----------------~~--~ ~ 
I+I--------~wu;~:..,._-__+ :-

51146.4 
22019.2 

10041.0 
15676.6 
15491.8 

13188.0 
1141.7 go 8.2 

2.0 

17160S.1 

171698.1 

SHIRAI ET AL. 

Energy (in 

3.0 

842.195 

825.600 

779.209 

768.251 

754.521 

1118.157 

1089.079 

1002.024 

997.709 

968.703 

239917.5 
227529.5 

230316.3 
229551.7 

229120.8 
228489.1 

226119.8 

lO5 cm-l) 

4.0 

l3d5 S 

358653.8 

l3d5 s 
358653.8 

l3d5J 
358653.8 

l3d 5s 
358653.8 

l3d5s 
358653.8 

L3d4d 
329350.3 

L3d4d 
329350.3 

L3d4d 
329350.3 

L3dH 
329350.3 

L3d4d 
329350.3 

3d4p 10' 

3d4p 3 D o 

3d4p 3 F' 

3d4p IF' 

Cr V(Ca-sequence) 

J. DhV8. Chem. Ref. Data. Vol. 22, No.5, 1993 

5.0 6.0 

r 
3 

--. ..... 

~~ 
""" 0 <:T.>N 
C1> 0 
<:0 n 
'-"3 

~ 

1D 



SPECTRAL DATA AND GROTRIAN DIAGRAM~ t-UH HIUHLY IUNI£~U \,;MHUMIUM 

1.0 

1837.442 

H19.ti34 

442.243 

13188.0 

Energy 

2.0 

4p 
226119.8 

! 1705.629 
L3d ~ P 

226119.8 

L3d4P 
226119.8 

3d4p 
226119.8 

171698.1 
167491.0 

(i n 

3.0 

lO5 cm --l) 

3F 

3D 

4d 
316674.9 

+----:-:-::-:-::~_-+L3 d 4 d 
1104.296 316674.9 

+ 151!:J. 0 30 

237520.5 
226119.8 

L3d4p 
237529.5 

~------~~~--____ -4L3d4P 
464.015 237529.5 

22019.2 
13188.0 

4788.51 c 
4647.48 c 

4540.22 c 
2201Q_2 

1141.7 
508.2 o 

237529.5 

33181 Ll: 

4.0 5.0 6.0 

~ 
:3 

~ ,.... 
O"l 
<:.0\:.11 
• 0:> 

"""0 
O':>N 
(b 0 
<0 

n 
~:3 

2-

IDO 

~-----------L----------~L-__________ -L ____________ L-__________ -L ___________ L 

Cr V(Ca-sequence) 
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6709.87 C 

6590.8S c 

6453.24' 
6436.21 c 
6377.17 c; 

6232.30 c 
16041.0 
15676.6 
15491.8 

1.0 2.0 

SHIRAI ET AL. 

3.0 4.0 

~""""""""""'~~~L3 d 4 d 
1210.499 322528.1 

11~-.,....,...",-,-,""=--"~ ;;: 

I'-I---"~~-=-~ ~ 

~r:3:::1.5 234846.4 
234668.5 
234618.4 

986.035 
982.736 
979.934 
979.590 
978.064 

1048.236 
1047.494 
1046.294 
1045.733 
1045.044 
1042.544 

~~IL d4 P,,::: 6' 

~ 23466B.5 
234618.4 

229120.8 
228489.1 
228001.8 

L-

~ 

'-

..:: 

322528.1 

330536.8 
330245.1 
330084.8 

330536.8 
330245.1 
330084.8 

L 
Q, .... 
"" 

Cr V(Ca-SeQUence) 

J. Phys. Che~~ef. Data. Vol. 22. No.5. 1993 

5.0 6.0 

r 

3 

O'>::.n 
<;='0'> ..,.,= 
OJ N 
(':) = <0 

C'l 
....... 3 

3S 

3p 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1335 

1.0 
I 

o 
N 

2.0 
I 

o 
N 

3.0 

1~1"""'49"""7--"'.9"""6"'""6 ~ ~ 
1 ++-;:-1 4"'8'""9';";;. 771':-1 ~II : 

1484.666 
1482.757 
1481.651 
1477.769 - 234846.4 

234668.5 
- 234618.4 

o 
N 

4.0 
I 

1I~----------~45~7~.5~0~4-----------411~ 
1I~----------~45n7r.O~2~8----------~: 

456.743 
(56.637 
456.357 
(56.272 

-
-

234846.4 
234668.5 
2:1.t1i ilL A 

rt __________ ~(5~}.~6~07~--------~U; 
4 5 1. 141 t!:y 

I
-[[-[W -llr"'-3D -----'1; 
~ ~ mmJ ~ 

16041.0 167176.4 
15676.6 
15491.8 

13188.0 

I I 

N 

'" II: Illlltl------;;-7~91:-. .,.,811'O:2-----H+ ~ ml+f-----..;,.7i-i8 9;";-.. ';;"'4 9;,.;2,------#1 ~ 

III 186.210 
Til 1S0.US - 357675.9 

N 

'" 

~ 356981.3 
~ 356744.8 

N 

'" 
~l ____ ~83~7~.1~57~ __ ~fI: .. ~ 

832.309 ~ 357675.9 
356981.3 

1++---~1~1~8.~Z~~3~--~I~ 
1It-----:.7 ...... 7,;-7 .-=-8::-:7 3:---~ ~ 

776.743 
7? 5.308 
714.079 

~~II["'23::: 9.5 ~ 231392.9 
230316.3 
229551.7 

229120.8 
228489.1 
228001.8 

I 

'- 357675.9 
3:i() 961. 3 

- 356744.8 

I 1,." 'D' 
3d4p 3 F o 

Cr V(Ca-sequence) 

5.0 
r 

3 
~ ,... 
en 
c:.cU"l 
• ::T:> 
.;::.. 0 
cnN 
C1: 0 

<~ 
-3 

6 0 
T 

-

I 
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w ... 

SHIRAI ET AL. 

1.0 2.0 3.0 4.0 
I I I I 

~f------~~~------~l3d5s 
764.151 356981.3 

-N
w 

1~--~8~1~9.~1~53~----~1I ~ 
~----8~1~8~.8~O~3~----~Jl~ 

818.803 
817.246 
814.148 ~ 357675.9 

- 356981.3 
"- 356744.8 

~· __ ~~~~~l3d4d 
1146.668 318601.7 

N 
W 

N 
w 

1I~--~1~12~2~.~25~5~~1~ 
1*---~1711~8~.~51~8~-+11: 

o 
'" 

1111.559 
1114.350 
1112.452 
1109.731 
1108.322 '- 318601.7 

'- 318227.6 
- 317893.8 

N 
W 

c:.o 

1&-....,.1..".2.".,0 4=-'.,:.,12"...,6~"-'11 :: 
1201.556 "" 

~--:-:1 2;;-;O~0~. 8""3:';'4;---~1I 

1196.042 
1193.950 318601.7 

318227.6 
- 317893.8 

~·--________ ~ ____ -+L3d4S 
859.516 t 167491.0 

N 
W 

~t ______ ~6~8~7.~41~8~: __ ~tI: .. 
684.602~ 1!: 

N 
W 

168089.5 
IG74!)1.0 

1I~------------~6-0-1.-1-~-5.~~---#1 ! 
599.994c III 

.598.990 -

598.171~ 
597.047~ 
596.725(; 
S9L921 ~ ~ 106089.::; 

- 167491.0 
........ 167176.4 

Ill.,. '0' 
3d4p 3 D • 

3d4p 3Fo 

I I I 

Cr V(Ca-sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 

5.0 6.0 
I I 

r 

3 

I I 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1337 

1.0 2.0 
T 1 

H~--------66-1-.6-5-8~-----411 ~ 
1I~------~6~6~O~.2~8~4~~-----#I: 

660.067~ 
658.699 C 

657.898~ 
657.6 8 5~c 
656.112 .. - 168089.5 

'- 167491.0 
"- 167176.4 

'" w 

1~--------6-49-.-40-0~-------·1I ~ 
~I------~6~48~.O~7~~~----~' : 

645.572 c 

I~ ~'"" H~HJ 
15491.8 

13188.0 

II... 168089.5 
'- 167491.0 
'- 167176.4 

N 
W 

1I~------------~4~38~.761~8~----------~ ~ 
1*-------------~4~38~.~61~8~----------~1: 

438.618 

----------------43f~55----------------

o 

'" 

437.420 

N 
W 

1655.639 11+----1+1 ~ 
1652.595 ::-
1644.0534ro1+----.11 
1639.403 IM-----I+I 
1638.495 1I .... --___ ~ 
1630.989 +H----f+1 
1622.607 IH----+H 

c:.> 

1It----------r-,4 7;n;D~.9iO_i7~6--------I+1 ~ 
470.697 ~ 
470.567 
469.893 

229120.8 
228489.1 
228001.8 

229120.8 
228489.1 
228001.8 

469.311 '- 229120.8 
"- 228489.1 
'- 228001.8 

3.0 4.0 
1 1 

I 

Cr V(Ca-sequence) 

5.0 6.0 
I 

r-' _. 
:; _ . 
.... 

m 
~<:.J"I 
• CT:> 
.::.. 0 
CT:> I'.:l 
<'I> 0 
<:0 
........ l"'l :; 

~ 

3D 

-

1 I 
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1.0 
I 

1728.i97 
1705.968 

2.0 

SHIRAI ET AL. 

3.0 
1 

'" w .. '" w .. 
1I~~1~0~6~2.~9~3~3--~1 ~ 
:~~=:1~O";'5:8:...:...~2":'9~8~~:~ : 

1054.991 
1050.901 
1046.542 
1046.364 
1 042.-s4T ....325884.2 

L....- 325472.5 
- 325104.1 

'" '" ..... 
w .. 

I~--~~~~--.II ~ 
rIl1l41~_1;....;0;..;3..;.5.:...:. 0:.:;,3.,;.7 __ ~ .... 
111~r~_~10~3~3~.4~~~·2_~1 ~ 
IT 1031.105 

1029.842 

'---------,1 

~~r·:3:::2.9 ~ ~ 2~gHt~ ~ 
229120.8 
Z26489.1 
228001.8 

'" w 

1611.330 ~w ~ 
1607.035 :-
1603.191 
1591. 721 
1579.696 

231392.9 
230316.3 
229551. 7 

'" w .. 
1~---------~~~~----------~11 ~ Il~ ____________ -743~6~.~60~1~ _________ ~1~ 

1141. 7 
508.2 
o 

I 

436.351 .~ 

435.636 
435.143 
434.306 
434.180 
433.119 

~["'17~:98" 168089.5 
167491.0 
167176.4 

I I 

4.0 
I 

I 

Cr V(Ca-sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 

5.0 
I 

I 

r' 

3 
-,.. 
~t.T1 . ~ 
01:000 
0') N 

ct> ° <:0 
-3 

~ 

6.0 
I 

I 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1339 

Energy (i n lO5 crn -l) 

1.0 2.0 3.0 4.0 5.0 6.0 
I I ,I I I 

r 

.. '" 
3 

too 
~ ,.... 

1134.768 "" 
0"> 

.... 0-:"" 

1127.631 • en 
"" .t:. 0 

1126.090 0"> C'.j 

1121.066 
C1> 0 
<0 

1116.478 ~ 320074.4 
(") 

'-- 319516.8 
---3 

, L- 319119.1 I -
N

w 
W 

II" "" 
11 11 0 6 . 2 5 0,,,, . 1 : 3G 

1103.390 "" 319516.8 
31911 S.1 

~~"P 'F' 
L 
",. 

"C:I 

231392.9 w 
230316.3 c 
229551. 7 

229120.8 
22!lHl9.1 

I I I I I I 

Cr V(Ca sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 



1340 SHIRAI ET AL. 

1.0 2.0 3.0 4.0 5.0 6.0 
I I I I I 

N~iw NI-

1360.504 ",-tt __ ~L3p6(IS)6S 
1342.741 tr -

562064.1 

"'1-
NI<J"I NIW 

7.0 

3 - ..... 
=-.J 
~w 
~W O 
t.n ~ 
~o 
CD (") 
< :3 
- I 

-----~----------------------i72~8ri---------~----------------- '13p53d(3pO)4S 
II 172.487 1 

172.204 L 580697 
- 578566 

"'1-
tl-N_"" __________ ~__,:_;;.......__---------__+IIIN~;6( lS)6p 
Ii 174 .17 5 U 

1 7 3 . 9 7 3 IL 57574 2 
L- 574135 

"'1-

~::--------------------------20~'39------------------ ,1"'~;5(2PO)3d2(3p) 
----------------------------~~~7tt}------------------l 494911.2 

- 493247.1 
NI-

It-N_"" __________ """"""",...."..,~------_tiit~;6( IS )5p 
205.084 I 

I 

205.084 1 
204.682 L 488561.9 

I 

- 487589.5 

NIW N~7w 

9
N1

<11 3p6(IS)5p 
1177.469 
1167.222 
1164.146 

488561.9 
487589.5 

I I J 

Cr VI(K-Sequence) 

I 

8.0 

-

I 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1341 

1.0 
I 

2.0 
I 

1455.282 
1417.659 

3.0 4.0 
I 

5.0 

",,
N'''' 

.... + ____ i;-;;-;;---.-;;..--___ !3P
6

( 1 S )5p + 385.015 _ 
383.575 488561.9 

487589.5 

6.0 

"''''' tI-----;;;;-:;...,.-;;;.-----~111 3p 6( 1 S)4p 
II 337.1 85 II 

I 

336.184 11 
335.123 IL 298396.7 

I 

-- 296573.2 

L""S'" 2S 
227857.9 

NI- N'!'rr(J'1 
2176.648 ~""W 3 p 6(IS)5d 
2136.433 

534489.7 
534381. 7 

NIW 
NtO'l NIUI 

1924.089 ~"""" 3 p 6(IS)5d 
1907.462 

534489.7 
534381.7 

""", 
"''''' 

+f-11 ____ 4~2_=_3 ~.5-=-5 9~ __ .... H 3 p 6( 1 S)5 d 

420.499 ~ 534489.7 

NI- NIW 

1t--...."..".."......"..,...,..... ... III'" ~; 6( IS )4 d n 959.093 n 
11 957.009 II 

942.610 IL 402888.6 
I- 402661. 7 

[

3P 6(lS)4P 2po 

298396.7 
296573.2 

I I I 

534381.7 

I 

Cr VI(K-Sequence) 
J 

7.0 
I 

~ ... 
<0-.) 

~w 
0':1-
W O 
CJ1 N 
0':1 0 
CI> ("l 

< 3 
'-' I 

8.0 

-

I 
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1342 SHIRAI ET AL. 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
I I I I I I 

r -. 
3 

............ 
<'o-..J 

~w 
en -
W O 
<:.nN 
~o 

~ C"l 

< 3 
....... .!. 

N'W 
N,,,, N,(]1 

11 3p 53d{ 3D" )4s 
161.930 II 

~, 161.687 ,,' ·"t 
------------------------------i6i~68r-------------~--------------- 619419 

618491 
NIt." 

N'W 2n° II 3p s 3d{IOO)4s 
163.801 f1 
163.514 l:: 611568 

610497 
N'(]1 

N'(]1 
r-l!W 

3p 5(ZpO)3d 2(3F) 

iL 201.606 

~~------------------------------}~fi~~----------------
------------------------------~oi~oor---------------- _ 497495 - 496958 

N,t.> 

[P" 'S13d 20 

940 
0 

-
[ IS )lor 

144.961 690781 

N'''' 
13 p 6{IS)lO( 

144.81 690781 

"','" N'-> 

+----- --- ---~ 
~3r>6(IS)9! 

In.!rSO 681307 

N'<1I 

13 p6{IS)9! 
146.776 681307 

N'<1I 
N'-.o , 

149.918 
l 3 p 6(IS)Bf 2FO 667973 

N'<1I 

13 p 6(IS}8f 
148.706 667973 

""'" N'<1I ""-> 

113 p 6{IS>7f 
II 154.418 II 

154.197 ~ 648533 
04110l!1 

NI01 

""'" 
N,-> 

II 3 p6(lS)6! 
161.908 11 

~----- -- -- 161.836 11 
lb}. 0 0 9 618849 

618583 

I I I I I I I I 

Cr VI(K-Sequence) 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1343 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 
1 I I I I 

NI'" 

r 
3 

,-.. ,... 
(,0 
c-.J 
• W 
CJ)~ 

W O 
c.n N 
CJ)O 
C'I (") 

< 3 
....... I 

I+-N_'''' __________ --..,....".."....-=-=-= ___________ ~tIIN~;~3d( 1 FO )4s 
163.014 [I 
162.764 
162.565 IL 616079 

'- 614385 
NI..J 

Ni(.7) I\)IU" 

I+-------------:-:::-::,---;-:;:-;:--------------tlll 3p 53 d( 3F 0 >-4 D 

II 169.435 [J 

~-----------------------------i{{~~it---------------------------~ 594926 
L- 591137 

... + --".."..."...."...,...,---.... l3 p 6( IS )5i 
602.011 568993.0 

NI'" 

It-NI_"' __________________ --:-:-"......"..."..".-_---I.IIIN~;6( IS )5f 
~ 176.037 TI 

175.756 

NIW N~cr..:J 

1264.746 9"'''1> 3 p 6{IS>4f 
1261.128 
1255.832 

482517.1 
481956.0 

N!r.Ti 

I+-N_'UI _______ ---,;:-::-::-..."..,.,:c--_______ ~IJIN~; 6( I S )4 f 

II 207.892 II 
IT 207.651 IT 

20 7 • 489 IL .( 8 2 51 7 . 1 
'- 481956.0 

NIUI 
NI<1' IIN~;5{2pO )3d 2(3F) 

~----------------------iii:~&t----------------- fl 

2 26 . 2 41 IL 44 2945 . 4 
L.- 440135.2 

-----------------------~~~~}}}---------iHL 378677 
'- 371618 

NIt.. .... 

It-N_'UI _______ ..........,~~.".__--~llt~;5(2pO)3d2(IG) 
11 280.879 II 
11 280.143 [1 

279.154 IL 
L- H~H~ 

I I I I I I 

568993.0 
568957.4 

Cr VI(K-Sequence) 

I 

8.0 
I 

I 
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1344 SHIRAI E1 AL. 

Energy (i n lO5 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
I I I I I I I 

r-_. 
3 

tD-..J 

~w 
= -W O 
1:.11['..:> 

=0 
o C"l 

c::: 3 
J.. 

N'''' """" N'ce 

1933.955 iE=t'P'('S)" 
1932.783 

620700.5 
. 620696.3 

N'''' N''''' 
flll-.J N'CO 

It 723.675 ~'P'( ·S)', 
720.771 6Z0100.5 

620696.3 

L3 p 6{' S )6g 2G 
562.572 620700.5 

N'", N' ..... 

"',-.1 "'''" II 3p 6{IS)5g 
11 1114.114 11 

1107.225 572274.4 
572272.3 

N'''' N'-.1 
N,-J ""'" 

11 
773.223 ~3p'('S)5' 
756.786 572274.4 

572272.3 

./ 

I L'('P'13d't'Fl 

,. 

~ ~ 
[P'('S)" 'F' 2FO 

3 p 6(lS>4f 2Fo 

568993.0 
568957.4 

482517.1 
481956.0 

HHU:l 
-

1281.439 , L3D 6(IS17h 
650310.8 

1281.439 t L3 p 6{'S)7h 
650310.8 

128}'(39 t L3p 6(' S )7h 
650310.8 

20(4.777 ~~;6(IS)6h 
621162.9 2HO 

'\)1-

"''''' 6 20(4.777 ~3P (I S )6h 
621162.9 

20(4.777 ~~;6(IS)6h 
621162.9 

[P"'S)5' 'G 

572274.4 
572272.3 

I I ~ I I I I I 

Cr VI(K-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1345 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 . 8.0 
I T I I 

r 
3 - .... 

'!D-::J 
~w 
CT.l-
we 
t.Tl N 
CT.l 10 
ct> C'l 

< 3 
--- I 

N~"'" 
NJJrw 

3p 5 3deOO)4s 
4n° 164.833 I',/,_ 

164.564 
164.301 
164.159 '- 609166 - ~~UH -

Nlw 

[""S)3d 20 

940 
0 

-
N'''' N'''' 

113p S3d( 3 F o )4s , 171.400 TI 4F O 
170.569 I:: 586273 

584371 

I I I I I I I 

Cr VI(K-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 
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0.2 0.4 , , 

N 

t 

N 

t 

-
t 

SHIRAI ET AL. 
Energy (in l06cm -1) 

0.6 0.8 1.0 , , 

-
1393.366 ~3323pS4P 

754378.9 

-
269.038 

L!J~23I'S .. 1'I 

754378.9 

-
255.545 

L33 2 3p 'S4P 
754378.9 

-
242.953 

l3 s2 3p S 4P 
154378.9 

13S23p'S(2P!n)h z(~). 

L 682610.2 

1.2 
I 

c:n
eN 
• <0 

00 <0 

<~ 
--3 

~ 

1.4 

~------------------------------------~~r.M------------------------------------~1 313P$1P n . .,.4 1393840 

~ ____________________________________ ~~~ ________________________________ -113s3p66p 

74.875 1335560 

~ ____________________________________ ~~~ __________________________ -i13'3p65p 

8L491 1227130 

~ ____________________________________ ~~~ ____________ ~13s3p&4p 

100.:133 994105 

-----------__ 2~~-'~~---------.:-J 35
2
3p

S
3d 

l:Ul:.UIJ 1- 493035.4 

I 

w 

• 270.897 

N 

t 266.172 

'" 
t 251.124 

N 

t----------'7I'"'i'"'':''-:"'lI:'''T''"------....... L3 s 2 3 p S • p 
758374.4 

N 
N 

t-----------.......,.",...,...,...,,,--------4l3 s 2 3 p r. 4 p t 242.519 758374.4 

I , I 

I 1,.""" 'r' 
3s'3ps3d 3F O 

3s 2 3p 5 3d 'd° 
3s Z3p 5(ZP3/z)4s Z(~Jo 

Cr VII(Ar-Sequence) 

, 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 

1p 

-

-



SPECTRAL DATA AND GROTRfAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 

0.2 
I 

I 

Energy (in 

0.4 0.6 

N 

7(1.889 I l3 S 3p&3d 
627826.7 

419.10' 
L3S3pe3d 

627826.7 

w'" II> 

II (14.582 
L3S3p63d 

408.019 627826.7 
II> 

'07.918 
l3s3p63d 

627826.7 
N 

377.687 
L3s3p63d 

627826.7 

'" 
355.0U: 

L3S3p 6 3d 
621826.1 

I//~ III L""'" 'p' 493035.' 
389226.2 

UHH:~ 
382682.3 

31tPIf.o(9 

~L""'3d 'P' 

346137.1 
342773.5 
H117Q. ~ 

N 

0.8 

lO6cm -l) 

1.0 

I 
I' 1".,.,,, 'p' 

3s 23p 53d 3F" 

3s 2 3p s 3d 10° 

3s23p53d 3 D " 

3s23ps3d I pO 

t----::-:,..,.......,"""""'-----4L3 s 23 p 5 4 p 
"'0 751649.3 

1.2 

t"'" 

!3 -- .... ..... 
c::n-
ON 
• co 
00 co 
~ 0 
<0 n 
-3 

.:. 

~--3 S-2-:;-;-:'-:i-~-i:-O---;~::::L=S =, :=~='~:=I:!=~f=!:~=:=)='S=2=( ~=l·==1:;-3-"!~~':: :';: . :~: " l )' 

382731.4 

I I I I I 

Cr VII(Ar-Sequence) 

1.4 

I 

1347 

1D 

-

3p 
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1348 ~HIHAI I: I At.. 

Energy (in 10 6cm- 1) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 
T I T 

l' -. 
w'" '" - 3 _. 

tl ~"'3"" ~ 

255.447 C'> ...... 

252.837 01"-' 
• co 758572.1 

751649.3 00 co 
'" CI> C> 

-", <0 
3s 2 3 p s4p C'l 

--3 
11 246.599 

..!. 11 244.565 
11 242.461 

3p 241.393 '-- 758572.1 
'-- 757035.8 
'-- 751649.3 

-
Ie.> 

~r";" 
3 f 0 

'" 0:.> 
'0 

363060.9 '" 360171.9 e.> 
346137.1 "" 
342773.5 

-0 

-
I 3c3p 6 S p 

81.980 1219810 

13s3 p 64p 
101.565 984590 

-
13s 2 3p 5 3d 3po 

291.738 342773.5 

l"'~' 
IS 

-
1426.644 ~3S23p5(p 

"'~_ 748629.3 

1312.307 ~"'3"" 1307.696 
1302.551 

748629.3 
145631.1 
145328.9 

0", 
w_ 

It 2 5 O. 311 ~"'3"" 
245.431 748629.3 

3D 145631.1 

'" w w 

~ 280.823 ~3""'" 
280.571 74SSH 1 

745328.9 

I. ~""'3d 'po 

/' -

~ 
[""'" 'po 

~"3"(' P1 /,)(, 2( ~)O 

3s 2 3 p 5( 2p 3/ 2)45 2( ~)O 

678534.7 
672427.7 
668858.6 

389226.2 
346137.1 
341179.3 

f I I , 1 

Cr VII(Ar-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 

Energy (in l06 em -I) 

0.2 0.4 0.6 0.8 1.0 1.2 I 4 
I I I I I T 

r 

w_ - 3 _. 
III 3s23p54p ~ .... 

II 275.792 '11 en -
11 275.635 11 

c:::~ 
<.0 

275.563 1: 748629.3 
...... .-
00 <.0 

745631.1 ~ 0 

- 145328.9 <0 n 
N 

~3 

-N .!. 

t 275.756 ~,.""" 
273.269 748629.3 

745328.9 

-N 

261. 598 
.. 

259.636 '"' '" 259.02 '" ... 
259.360 '" 257.676 748629.3 

'- 14:\631.1 
'-- 745328.9 

'" I 
453 183 609887.8 

N 

N
w 

I 441.584 ~'.' ,'" 
440.121 609887.8 

609142.7 

N 
uJ 

to:> 

450.314 to:> 

449.386 'OJ 
a> 

448.729 to:> 

447.882 
Co 

447.792 
441.680 
440.244 - 609887.8 

L.. 609142.7 
l- 608679.6 

w N 

N 

to:> 

407.138 co 
to:> 

406.369 '" a> 
401.658 to:> 

400.452 "'-

396.288 609887.8 
609142.7 
608679.6 

-N w 

'"' 380.897 co 

'"' 380.219 'OJ 
a> 

379.153 to> 

376.073 
Co 

375.425 GO()BB7.8 - 609142.7 - 6086.7 9.6 

/'?"-..- II,.".,,, 
~I""'" 

I r-' 

I 

3 p • 

3 s2 3p 53.d 3 p • 

389226.2 3s 23p 53d I D• 
386616.6 
385828.3 3s L3p 53d 3 D• 
382737.4 

382682.3 
363060.9 
360171.9 
357543.7 

346137.1 - 342773.5 

I I I I I I I 

Cr VII(Ar-Sequence) 

1349 

3D 
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1350 SHIRAI ET AL. 

0.2 0.4 0.6 0.8 1.0 
I 

---------------------------------i"i'67n-r-----1.. 3 
s 2 ! ~: ~21~ ~ ~ 2 )4 s 

L""'" '. 
134605.3 

N N 

tot -------:1-=-1..-9 .-::6~82~------tL3112~~:(124~~~ 2)4 f 

N 

~t -------"=-",.."..,..------4l3 s 2 3p 5( 2 p~ /2)4( 
178.851 9H811 

~l r'::::,,'~' 382682.3 
346137.1 
342773.5 
341179.3 

13SC3p5(ZPl/Z)4d 2(~). 

L 8572H.5 

1.2 

t--------______ -,....,,.....,........-___________ -i1 3s z 3p s(2 P3/2 )5d 
96.760 1033485 

I I I 

Cr VII(Ar-Sequence) 
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~ o 

SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1351 

0.2 
I 

I 

0.4 0.6 
I 

0.8 
I 

,. 

l[r""'" 'p 

~ H¥aHJ 
751649.3 

734605.3 

1.0 
I 

L . 
N 

W 

" '" .... 
" 

... , ------.,..,17=-=5 ...... 3--1.."..5---------'l3 s 2 3 p ~(2 P r /2)4 f 
957004.6 

... 
N 

... 
t-I _______ -.,...."...--,,-=-=-_____ ...... l3 s2 3p 5( 2p ~./ 2)H 

167.020 9U866.7 

1.2 1.4 
I T r _. 

3 _ . 
..... ,.... 

0) --or,:) 
• (0 -- -(XI (0 

() 0 
<:0 
....... ('1 

3 
--'-

'---------..---..----------..~-~========~I 

l [[ S23~P~5g3gd.~~3:D6JO ~LSZ3P5(Zp~/Z)4d 2(~). I. 3s
2

3p
5

3d :lp. 

I 

382737.4 
346137.1 

I 

873565.5 
859407.1 

N 

871.296 .... 1 __ .... l3s 2 3p S( 2pj /2 )4d 
873U6.1 

L""'" 'D 

758374.4 

I I 

Cr VII(Ar-,-Sequence) 

3s 2 3p 5(2 p 3/2)(d 2(~). 

, I 

-

-
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1352 

0.2 
I 

I 

0.4 
1 

w 

t 
..., 

+ 

'" 
i 

w 
'" 

~t 

... 
N 

11 
[I 

III 

;,;;; 

~~[
S23P53d IFo 

389226.2 
382737.4 

382682.3 
363060.9 

~ 360171.9 
'-- 357543.7 

I 

0.6 
I 

I 

SHIRAI ET AL. 

174.070 

176.295 

174.286 

168.523 
167.496 

176.613 

176.916 

170.982 
17 0.) 39 
169.842 
-169.084 

0.8 

1189.640 

1193.492 
1193.492 

I 

1.0 
I 

.. 
~3S23p5(2PI/2)4f 

957205.1 .. 
l3s 23 p 5{2p'!/2lH 

957205.1 
w 

L3s23p5(2PI/2)4! 
956454 

w 

L3s 23P 5( 2p\ /2)4£ 
956H( 

w.,. r" 3, '(' P; /2)4f 

957205.1 
956454 

IV w,.. i=:t' ,'3P'(' P; /2'" 
948943.9 
947917.4 

... 
L3s23pS(2P3/2)4f 

948943.9 
w 

L3s23p5(2p~/2}4f 
947917.4 

w ... 

-

3s 23 p s(2p3/2 )4( 

I 

948943.9 
947917.4 

Cr VII(Ar-Sequence) 
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1.2 1.4 
I I 

r--. 
3 -. .-.. "* 

cn-
o~ 

to 
..- -
00 to 
~ 0 
<0 __ C") 

:3 
.!. 

-

2 ( ~ ] 
2 

Il""". 'F' 
3s 2 3p 5 3d lDo 

3s z3p s3d 3 Do 

3 s 2 3 p 5 r 2 P 3./2 )4 d 2C ~ ]0 

I I 



SPECTRAL DATA AND GROTRIAN DIAGRAMS If OR HIGHLY IONIZED CHROMIUM 1353 

0.2 
I 

I 

I> 
W 

0.4 0.6 0.8 1.0 
I I 

I> 

~-----~=""""'="'=-:--____ -"L3 S 2 3 p 5( 2 P j / <: )4 f 
179.776 945475.7 .. 

~-------:-::-=--=""""""'-____ ~L3 S 2 3 p 5( 2 P j /2)4 f 
] 77.694 945475.7 

I I I I 

Cr VII(Ar-Sequence) 

1.2 1.4 

I 

r 

3 

00 to 
Cl> 0 
<0 
-3 

~ 

I l.".,,, 'po 

3s 2 3p 5 3d 3 0 0 

I 

-
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1354 SHIRAI ET AL. 

0.2 0.4 0.6 0.8 1.0 
T I I I T 

",1-

6-___________ ....-.-.".......,....,,-___________ --..1 3 s23p4( I D)4 d 

103.48 966400 

124.184 805260 

NIt.) 

IlN~:23P4( 1 D)4 d 
1~------------1~O~3-_=g2~-------------M~ 

103.03 1: §t6l88 
NI-

NIt.) 
NI-

1+-___________ .....,..",..,,--=-=-= _____ -+1 3s Z3p4( 3 P)h 
T 135.185 
1 134.076 
I 133.395 

132.321 '- 755740 
'- 749640 

NI- NI-

I~------:::-...,."lrn"-----.... I 3s 2 3p4(3p)3d 
I 213.03 
I 211.42 
:r 208.63 

207.07 - 482910 
I- 479310 

NI'" 

11 N~;23p4( I D)4d 
II+T-------------~10~3~.~36~----------~--ff~ 

102.45 

105.69 

NI<1' 
NIt.) 

I~N-I------------~,__:_~-----~Il 3s 2 
3p4( 1 D )45 

11 131.638 11 
129.998 

"'1111 
NIW 

113s 2 3p4(3 p )3d 
1~·~----------------------."...2"O~~,.-..;O=6 ~=------------_-_-_-_-_-_ ~H 
~------------~~i~5i-------------~ 496170 

L- 487780 

I I I I 

769550 
769240 

I 

977400 
976100 

947 300 
946200 

Cr VIII< Cl-Seq uence) 
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1.2 1.4 
T T 

I I 

3 
.-.. .
.-
00 
~ ..-.... 
-.J ~ 
CD 0 
<0 __ 0 

o 
n 
3 

I 

1.6 
I 

-

2p 

-

I 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1355 

En e f.gy ( in lO6 cm -l) 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 
I r ,. I I I , 

t""' 

N'''' :3 
11 3s 2 3p4(3 p )4s - .... 

135.892 11 
..... 
00 

134.942 741060 
.r:.. ...... 
~ 

735880 -J CD 
~ 0 4p <:0 _0 

° n 
"',..., :3 ['",5 'po ~ 

l 0 
I , I 

" 
I I I I 

Cr VIII( Cl-Seq uence) 
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1356 SHIRAI ET AL. 

0.2 0.4 0.6 0.8 1.0 1.2 

:--------------~I 

~
13.'3 •• '0 ~ 

L L 30284 
6821 ; 

~--------------------~~r_------------------__4L3S23p34d 
96.55 1102600 

-

+--------.,....,t"'r""lr-:----------+l3 S 2 3 p 3 ( 2 D • )3 d 
215.04 531880 

t-----,...,...,....."""""':--.... L3 5 3 p 5 
418.925 305561 

~--~r.r~:--.... l3s3p5 
363.271 305561 

t-----...,....,..., .......... ~__+ 353 p ~ 
305561 

N 

ll l3s 2 3p4 IS 

L 66855 
o 30284 

I 35 2 3p4 3p 

3s 2 3p4 I D 

N 

t----------------------x-:;;-;-:..-----------------il3 s 2 3 p 3( 2 D 0 )4d 
96.48 1066800 

N 

t--------------------;-;:;-;-;;-:;~--------__+L3 s2 3 p 3( 2 0 0 )h 
121.293 854730 

N 

r--------::-:----:-:;----------+l3 52 3 p 3( 2 D· ) 3 d 
215.97 493310 

Cr IX(S-Sequence) 
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1.4 1.6 

r 
3 

..- ..... 
N 
0-
~O'l 
• 00 
c,..J00 
() 0 
<:0 o 
--n 

3 

1.8 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1357 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
I I I 1 T I I I .-

r 

w :3 
'" 

_. 
t 

L3s 2 3p 3(2 0 0)4d ~ ~ 

96.17 
N 

1070100 0-
tO~ 
• 00 ..., 

N wOO 

I 
L3s23p3(200 )3d Cl> 0 

209.44 <0 IFO 507750 0 ...... (") 

:3 
~ 

["'., 'D 

30284 

-
-0 

l3s 2 3 p 3(4S0}4s 
123.226 T 

II 122.964 I 
121.781 821100 

3S o 
N ("'., 3 p 

9549 
7821 
0 

-
N - 13s 2 3 p 3(zOO)3d 

223.87 .-t. 
---------22n~02--------- 454510 -0 

-0 

to:> 

432.440 to 
to:> 3po 

424.146 ." 
<J1 

421.057 
---(i8"]~1l'--

414.602 
(07.637 L.... 249016 

'-- 245317 - 239068 

... 

N -, 
94.33 

L3s23p3( 2 0° )4d 
10ti7!lOO 

w -0 

11 98.08 
III 3s 2 3 p 3(4S·)4d 
lIT 

II 97.97 III 
97.19 II!: 1029100 

1028900 
'-- 1028500 

-0 

3s 2 3 p 3(20o)4s 
119.569 
119.320 3DO 
119.269 
118.165 
117.942 847870 

I..... 846260 - 84:>900 
w 
'" -0 

II 211.97 
3s 2 3 p 3(4S· )3d 

11 211.32 

" 210.61 
208.53 ... 482760 ..... 479570 

""- 474810 

I I I I I I J I I 

Cr IX(S-Sequence) 
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1358 SHIRAI ET AL. 

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
I I I I I I I 

t-

N,- N'- " :3 
N,w 

~t l3 S 3 p
4 

- ..... 
355.112 N 

~ 
t.O 351. 092 ~ 

348760 -.J 
.I:>. .-
(to 0 
<0 

0 
2S 

.. [,'3,' 'p' 
-C") 

:3 
.!. 

67157 
63935 

-
N,- I NI-

N'W N'W 

~ 113.70 ~"'3"('P)" 
113 _ 31 , 949600 

943300 

""w . N~7w 
N'UI 

~3"3"<' P )', II 110.37 
109.84 949800 

943300 

N~~U1 N'W 

U 218.83: 
ZJ1.71~ 

l3S23p2( I 0 )3d 

496430 
""- N'-
N,w ""W 

.ll 3s 23p2( I 0 )3d 
II 233.80 
11 232.96 

231.21 '- 496430 - 491650 

""w N'W 

1/"\11 ""-
311 2 3p2( 3 p )3d 

lL 254.15 
II Z~2.15 2p 

247.67 L 440870 - 432830 

N,- N,W 

N'W ""'-
e.> 

11 3H.584 co 
e.> 

lL 371.086 '0 .. 

365.718 L- 337370 - 333412 

N'W N't.> 

11 ,t':: 
IT 340.181 I ~ 
11 337.490 1 '0 .. 

333.035 L 337370 - 333412 

, 

~r'" 
2pO L 

en 
N 

c..:> 

67157 """" 
63935 N 

39450 0 
37103 

I I I I I I I ~ I I 

Cr X(P-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1359 

0.2 

,
c: 4083.0C 
.:t 37 Z:;. 81': 
"'... 36 OS. 2 c 

3326.4 c 
, 67157 

63935 

0.4 

~-' ... ------------------I 

lll"'SP' 'D' ~ 
~ 39450 

o 37103 ~ 

0.6 0.8 1.0 1.2 

N'''' N'''' 

t-
__________ ~;..;..;..:.;.;.---------U~3 s 23p 2( 10)41 J ll.lG _ 

111.02 967800 
967000 

N'<II 
N'''' 

ll __ ----i2~2 ~]..,;.;lS<----!3 s 2 3 p 2( J P )3 d 
n 220.42 _ 

218.88 520820 
5192S0 

"' .... 
"'"" 

N'''' N'<II 

I~--~IC: 
It--~~~:: 

N'.., 
""<.11 

.. 
NI ... 

""'" 
1+-~~,..,...-41 .. 
I+--~~;';"""'-W ;: 

... 
N'Io> 

Nil" N' ... 

290606 
289637 

290606 
289637 

I 3s 2 3p 3 ·5· 

3s 2 3p 3 2 0" 

NI<" 

N'''' 

Cr X(P-Sequence) 

1.4 1.6 1.8 2.0 

r 

:3 
...... ,.... 
N 
,:0. ..... 
,:0.""" 
• --J 
,:0. ..... 

"" c <g: 
...... 1") 

:3 
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1360 

0.2 0.4 0.6 0.8 

SHIRAI ET AL. 

1.0 

"'1-NI'" 
NlrJ"l 

1.2 

4----------;-;;-:;--:;-;;----------t1 I as 23 p 2( 3 P )4 s 
107.70 
107.14 
106.49 

2,....14
C TL 446710 

L 442010 

NI..., 
1'01-

I 
~ .. 

N 
~ 

't1 
w 

I 
L 939100 
- 933400 

- 928500 

Cr X(P-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 

],4 1.6 1.8 2.0 

r 
3 

2F 

4p 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1361 

0.5 1.0 1.5 2.0 2.5 

t""" _. 
:3 _ . 

....... ~ 
~t'V 
0-
o ,...., 

00J>. 
(!I 0 
<0 = 
~("') 

IS :3 
~ 

-
0 

t 83.31 
~ _____________ ~~=-__________ ~L3s23P4d 

1275300 

N 

I 100.90 
~ __________ ~--::-::--___ --tL3s2 3 P 4s 

1028100 

-0 

t 240.76 
L3s

2
3P3d 
490330 

13s 2 3p3d 
203.94 c 

490330 

N 

... + --"",,-:--:~-""L3 s 3 P 3 
298.059 372498 

-
"'i _____ ----,,..,..,....,..,,. ______ .... l3S 2 3P 4f 

117.13 1344100 

-
N 

IV 

I 256.32 
L3s

2
3P3d 
427090 

- N 

I 237.24 
L3s23p 3 d 

427090 

N 
., 

I 370.9::;9 
L3s 3 p 3 

306570 

IV 
IV 

I 339.446 
L3s3p

3 

306570 

I I 

Cr XI(Si-Sequence) 
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1362 SHIRAI ET AL. 

0.5 1.0 1.5 2 a 2 5 
I 1 , I 

r 

'" 
3 _. 

I L3s
2

3P H ......... 
99.13 i 1315400? 

Nt-.:. 
-J_ 

~oo 
IF oo~ 

() 0 

['" '0' 

<0 
0 ........ n 
3 
~ 

306570 

-
N 

I 82.05 L3s 2 3P 4d 
1255800 

'" 
w 

t 226.45 
l3s 2 3P 3d 

on 8590 
,. 

ta,2.3P3d 
214.31 <,; 478590 

IFO 

.... 

le'" 
10 L .. 

N 
W .., 

36994 
11980 w 

~ 

-
w .. 
I 115.13 

l3 s2 3PH 
1347200 

IG 

L""" 'F' 

478590 

-
N 

I ... 

IT 290:-nJ l~ 
II 284.988 T "'w 

280.572 356424 

3So 
0 

~"3" 
Jp 

11980 
:':'3ti 
0 

, ... 
~h:>31'2 8345.0" 3p 

11980 

0_, 

-", 

... 
100.13 .. 

'" 99.67 ... .., 
99.48 
99.10 3po 
9 g. 9 4 
98.47 ~ 1021100 

L- 1010700 - 1008800 

I I I I 

Cr XI(Si-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1363 

0.5 1.0 1.5 2.0 2.5 
I 

r:-' _. 
-tv 

N_ 3 
II 3s 2 3p3d 

-. 
It-

............ "-, 
G 4 ~. I U -..J[\;;> 

II 241. 87 TI 
0-
• 00 

235.03 t:: 425480 
oo.t:>. 
~ 0 

418980 <0 
0 0 

~I"o...-N 
~(") 

3 
2899.S c c.> 

~ 
2874.2 c c.> 

2807.9 c '" 
2799.3 c 

2781.7 c 

Z773.3 c 

2758.4 c 

2750.1 c 
~ 278698 

I..- 278394 
"-- 278059 

-tv 

~"'" 1001' 997.7 c 
278698 
278394 

- 3po 
0 

~ l3S3p3 '91.608 c 
0_ 278394 

-", '" 
c.> 

375.356" 
.. 
c.o 

374.927 '" 
366.942 
366.491 
366.085 

---------~ 359.?03 ~ 278698 
L...... 278394 

L...- 278059 

.... 
0 L l [- ~r"2":9~: 

co 

c.o 

'" 
~ ~ ~gH~ .; 

178470 
74980 

HUO 
0 

-
tv 

w 

III 3s 2 3p 4 d 
11 81. 5 5 11 

81. 2 3 til 
81. 0 2 It 1238200 

1236600 
L.- 1234300 

w w 

519.12 c I L3s 2 3p3d 
436~:lO 

'" 
w 3DO 

t L3 s2 3P3d I' 

250.28'- 436550 

,? 

I 2 ~ 3 
0 

I I L"" '0' 
3s 3p~ P 

3s 2 3p2 ID ' , 

243916 
36994 

11980 
5536 
0 

I I I I I 

Cr XI(Si-Sequence) 
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1364 

0.5 

1I~--~2~35~.~7~4----~1 ~ 
1I~--~2~35~.'53~--~~ 
1H---~2~33~.~26~--411~ 
1H---~2~32~.~18~--~1 ~ 

230.29 

w 

436550 
436210 
434240 

t--____ --+L3s3 p3 483.2H c 

243916 

11 .... ---.11 :: 
1If-----H1 ~ 

434.092 C 

43S.885 c 

431.154 
422.282 
422.083 
412.629 

U~H~ 
242346 

118410 
36994 

11980 
5:i36 o 

SHIRAI ET AL. 

1.0 1.5 2.0 

~ ,.... 
~N 
0-
.00 
00"" 
ct> 0 
<0 o 
--n 

3 

2.5 

q'" 3s3p3 600.7 5So 
S7Q.O 

118470 

Cr XI(Si-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1365 

I 

N'-

I 

N'N'W 

0.5 
I 

339258 
333199 

1.0 

roJlw NI-

, .. ",-"----:":",.."....-:,..."....".---14 ",N ~: 3 p ( 1 pO )3 d 
IT 316.466 IT 

316.466 725713 
724656 

NI- NI-

/J.1 ... N_'w ____ ....-411,"'~; 3p( 1 pO )3d 
11 259.412 c 11 
] 255.456 TI 

254. 768 1L 725713 
L 724656 

N'- N'-
L3 S 3P(' p O)3d I 243.366 e 

724656 

N'W N'-

212.666 c l3S3P(lpO)3d 
724656 

NIW NIW 

If'~ l3s3P(3 P O)3d 
__ 347.233~ 

345.911 697743 

N'- N'W 
N'W 

It 278.952~ 
l3S3P(3PO )3d 

274.315 697743 

"',- N'W 

I 260.429 
L3S3P(3pO )3d 

697743 
N't.> 

197.774 c L3S3P(3 pO )3d 
697743 

t
:l ~~~[3S23d 2D 

~ N L 409752 
~ ~ 408651 

339258 
333199 

313752 
254435 

192115 

I I 

1.5 2 0 2 5 
I 

r' 

3 
.-.. .... 
N 
co 
OON 

A 
00 

2S Cb A 
<0 
~O 

0 
n 
3 
~ 

-

2p 

I I I 

Cr XII(Al-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 22, No. S, 1993 



1366 

0.5 

II 28!'905~ l~ 551634 278.149" 

NI ... 

"'1-
474.046<: qN~"j"W N~W 

470.868 <.oJ 

460.775 
457.802 e 

422.912(; 
'20.37S c 

NIW N.'" N'NIW 

+1--;;-;;3 3;"'n'8 '. 1;"")1 6:--.... 1 :: 
1+--3"3-:;'"1 .-:'7";7 z,.......--i+ W 

336.475 

3s
2

3p 8153.8 
12261 

551634 
550208 

551634 
550208 

551634 
550208 

SHIRAI ET AL. 

1.0 

II \'3" 'p 
3s3p2 2D 

3s3p2 25 

NIW 
Iv I'" 

1.5 

1+-------------=-:76.--."""'U"""'8---------M 3s
2

(d 

75.815 

"'IW 
NIUI 

1+---"'2 5:-:::2-';. 2=7 ';-6 --il ::;' 

251.578 : -----2"4;.7'0"8----

It----......... ' ::;' 

I'""_-_-_.-_-__ -_-.--i+ ~o 

409752 
408651 

412.926 c 

410.989 
393.028 

255577 
ZH43" 

Cr XII(Al-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 

2.0 

3 
........... 
N 
co 
OON . """-
00 
~ """-
0:::::

0 
,-,0 

o 
C'l 

3 
.:. 

2.5 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1367 

0.5 1.0 

",'w 
I\)II.r. f'JoIW 

N'''' 
tI--~,..."..........,.."....~1 3s3p( I pO )3d 

729319 
728194 

1t-----=-2 """5 7'-. 1""""1"""2 ---.41 3 s 3 p ( I pO) 3 d 

256.370 
253.168 

NIW 
Nil" 

729319 
728194 

I+---:::-:;-::-~_-# 3s3p( 3 p o )3d 

"""' 

418.406 . '" 
41 7 .006 

616825 
616503 

420.415 C ~"'."':"'" t~;; 

415.029 c 
495382 
~Q307 

"""''''' 
II 344.710~ L~ 

331.871 493437 

~ ~~ ~~ 1[":,:,:, 
o l~ ~ 408651 

339258 
333199 

25557-7 
25U35 

203338 
192115 

""w 
""'" 

.; 

r,lI'" 
""" 

1.5 

It 101.46 H 3s
2

(f 
tt--------;1~0-r1..;;.;39r------~~ 1395400 

1395000 

271.8ZZ c l3 S 3P(l p O)3d 
707146 

",'w "',." 
""'" ""'" 3s3p(lp')3d 

707146 
705021 

""<.I "',." 
""'" "'",., 

3s3p(lpo)3d 
2 22.,(91 
221.450 -
220.890 707146 

705021 

199.329 C 
L3 S 3p( I pO )3d 

705021 

222.485" 
L3s3P(3 p O )3d 

652806 

2.0 

r 

S 
.......... 
~ 
<:c 
oo~ . .::.. 
00 
~ .::.. 
<g 
'-'0 

("') 

s 
~ 

2.5 

Cr XII(Al-Sequence) 
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1368 SHIRAI ET AL. 

0.5 1.0 1.5 2.0 2.5 
I 1 I I 

r 

"',w N'''' 3 f',»)-.J 

428.519 c ~""{'P.13d ~ .... 
r'V 

426.507' (,C 

oor'V 
411.431 c . .::.. 

&521<06 :;= 
643114 <= 

NIIJ'\ = N,W N'''' ~= 
N ,,-,, 

II 3s3p(3 p o)3d " 3 
IT 258.040 c 11 ~ TI 257.282 11 2Fo 

25!.iH ~ 652806 
643114 

~ r" " 409752 
408651 

255577 
254435 

-
NIW Nh,o) 3 

SOS.03
C +-----l3p 504429 

N'-
N'W N'W 

N'01 

Ie.> 
liT 332.126 1"'..., 
IT! 325.177 I 
III 320.191 504429 4So 

- L 

~ C'" 'P Co> 

'" 
339258 

N 

203338 .; 
196904 
192115 

-
N'-

N,<1I 

tl3s3p2 8907.8 c 
203338 

N'-N,W 

N'W 
N'<1I 

t.) 

555.0 .. 
t.) 541.0 
'" 523.26 

4p 520.83 
508.3 

203338 
'-- 196904 
'-- 192115 

-""- t. 

~ 
[0'" ., N 

t.) 

" 
192115 

"0 12261 
0 

I I I I I I 

Cr XII(Al-Sequence) 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1369 

~~ l'''' '0 

255571 
203338 
196904 
192115 

L .. 
." 

'" 
.; 

___ ---_----..L3S3P(3p. )3d 
286.988 L 604024 

"'.""'" ""'" 

"""',t.) 
"'"" 

11 ..... ---=2,..,.4"'"""9 . ..,.-5"'"'72::---#11 3 s 3 p (3 p. )3 d 

249.314 
246.200 
245.469 
245.469 

I 

604342 
604281 
60402( 
598289 

1.5 2.0 

N 

r 
3 

CD 
ool'V . .;:.. 
10 0 
Cb ~ 
<0 
~o 

o 
n 
3 
~ 

2.5 

-

Cr XII(Al-Sequence) 

J. PhV8. Chem. Ref. Data. Vol. 22. NO.5. 1QQ:l 



1370 

377 .65 

SHIRAI ET AL. 

0.5 1.0 1.5 
I I 

+----------;,...,......,:-;:------~l3 s 4s 
91.30 1400000 

t-----tl3 p l' 
569421 

13S3P lpo 

L 304629 

2.0 2.5 
I I 

-
~---__ -------------~~----------------------_413s1p 

.0.92 2.44000 

~----------------------~~--------------------_113s6p 
0.1:l 2286000 

---------------------------------------4~~9------------------------~3s5~011000 

~---------------------------------------66183-----1_3s4~492920 

311.30 +-----+L3 P 3 d 
931154 

+--~""""""~--+l3 p 3 d 
216.00 9311H 

t------,.........L3 p 3d 
222.911 t 9311H 

_ -3'28.26"1-1 3 s 3 p 
• 1.... 304629 

~: I~ ''''. 'D 

o ~ L 662(28 
569(21 

.' .831H 

+--_________________ ~~~------------_4L3s5d 
56.31 2019000 

t------------------...,,....,,,.------il3s • d 

16.11 1617480 

l~ 
304629 

I\) 

l 3d 2 
352.736 .-. ----+ lZ15Z43 

I\) 

t-----".."...."-.."..,,..,,--.... L3 d 2 
252.983 1215243 

l ['3d 'po 

q:ll 754 
819961 

I 

I.., 
'0 .., 
Q. 

0 

I 

Cr XIII(Mg-Sequence) 

I 

J. Phys. Chem. Ref. Data, Vol. 22, NO.5, 1993 

3.0 

t"'" 

3 

~-
c:.n 
~[-.;) 
• 00 
00 0') 
CD r-;) 

<:0 
---~ IS 

C') 

3 
~ 

I 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1371 

Energy (in lO6 cm -l) 

0.5 1.0 1.5 2.0 2.5 3.0 
I I T I 

r 
3 

L3s3d 
--. ~ 

279.48 
w 

662428 Ul 
.;::.N 

to 
00 

~3P2 
00 0:. 

56{) .18 
(1) N 
<:0 

483144 ....... 0 

° -to C'l 

It 
L~ 375.11 

3 
In ~ 

N 362.66 
483144 

~ 
L"P 0 p. 

L, 
co .., 
'Q 

304629 w 
216557 ." 
207399 

-

'" 
634.78 t----l3P3:19961 

296.89 
L3P3d 

819961 IDO 

~ 
L"d 0 D 

662428 
483144 

-

73.31 
L3P4d 

18(7000 

97.25 
L3SH 

1690860 

L3SH IFO 
82.79 1690860 

387.40 L3p3d 
920560 

228.62 
L3p3d 

920560 

-
. 
I H 

96 86 1953000 

336.308 L3d
2 

1217906 IG 

LP3d 
OF' 

920560 

I I I I I 

Cr XIII(Mg-Seq uenee) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 



1372 SHIRAI ET AL. 

0.5 1.0 1.5 2.0 2.5 
I I 

~----__ --------__ ------~~~--------------__ ----~L3S6S 
49.03 2256000 

H-lf-------------------------:~~~-:: :~: -----------------.l~ 1963000 

~----------------------~~~--------~L3P4P 
65.04 1754000 

o 

'" 

1~11------------~~7~:7~~::~--------~l; 
84.616 1385260 

~
13is3P 3p. 

L 216557 
207399 
203444 

~----------------~~----------------~l3p4P 
65.13 1752000 

t/-
H 

-=-=2 7-i:-8 • .,.....,.8 6~H ~ 
H 273.74 L!: 

11 279.8( 
I I 273.23 

272.61 

368.10 
364.00 
356.10 
353.84 
351.15 

11 ..... 
II ~ 
II 

1219532 
121844 7 

1219532 
1218751 

Cr XIII(Mg Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 

3.0 
r I 

3 
~ .... 
c:.n 
"""N • 00 
00 0') 
C\) N 

<::0 
--~ 

('") 

3 
~ 

-

3p 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1373 

0.5 1.0 1.5 2.0 

t----------;;-~,__-----____...L3 p 4 d 
71.86 1891000 

.....---------::--::--;:-::-----~L3 p 4 s 
86.78 1652000 

380.70 
366.48 

3s3p 482.17 
207399 

[
; 11"" 'n 

~ 590063 
588562 

499174 
488223 

o_ 

861427 
852734 

861427 
852734 

47 .55 

2.5 

il 0.34 
47.26 tI------------~~------------4t~ 2020000 

2319000 
0 

'" 

1II 
53.765 
53.506 
53.39 2076500 

2076350 
2076000 

1946500 

1944400 
1940700 

t---------------.......---~L3p4P 
65.39

1 
1746000? 

216557 
207399 
203444 

~r':6:::9 ~ 861427 
860904 

859662 

Cr XIII(Mg-Sequence) 

r 

:i 
~ .... 
w 
Ul 
.,.,C-.:> 
• co 
00 O'l 
C1> C-.:> 
<0 
~;; 

n 
3 
~ 

3.0 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 



1374 SHIRAI ET AL. 

0.5 1.0 1.5 
I I I 

o 
N 

11~-----------------~71~.'43~:5~--------------~1~ 
"~----------------~71~.~39~8r---------------~: 

o 
-N 

"~ __ ,..,.-__ ....--+" w 

"~~~"*~*:~J"*r-~I ~ 
267.74 
262.36 
261. 9 5 
259.66 

70.973 
70.973 
70.792 

590063 
- 589150 

~
13S3P 3p. 

~ 216557 
207399 
203444 

'- 588562 

'- 1617160 
'-- 1616450 
- 1616210 

2.0 
I 

~t---------------~~~-------------~L3P4d 
12.88 1871000 

~1---------------~~~---------------+L3P4d 
72.57 1866000 

~~------------------~~--------------~l3P4d 
T 72.27 1866000 .., 

N 

I
N 111 c..> 

t--
J1

-::2=1"""6 .-:4'4 --Hi III ! 
4o-+-.:;2;.,;7~5.;..;. 1,.,..7_+,,1T Q, 

269.47 ~ 

-
861799 

n~ru 

+-1 -,..."...,...-::-::--.;L3 P 3 d 
264.73 _ 860904 

w 

378.79 9!NW "'~ 
369.22 :: 
361.98' 
366.71 

I~ ['''59::63 
589150 

499174 
488223 
a~}1H 

482122 

I 

861799 
860904 
'''')31:l 0 

I I J 

Cr XIII(Mg-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 

2.5 

I 

3.0 
r I 

3 
........... 
w 
c.n 
~N 
• 00 
00 C') 

~ N 

<g 
~o 

n 
3 
.!. 

I 

-



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1375 

0.5 1.0 1.5 2.0 

t-------"'"""'""....,.."..------4L3p H 
93.(2 19313(0 

~-----_:::-:-::_=__-----4L3P H 
90.85 1920670 

N 
W 

N 
w 

305'87T~'" : 
303.960 '" 
298.853 

N 
W 

~~Ir '~6J~';;: ~ 85'150 
85213( 

819961 

IHH2 
805156 

1189901 

1188753 
187767 

11 99901 
1188753 
1187767 

1188753 
1187767 

Ill,,, 'F" 
3p3d 10 0 

3p 3d 3 p o 

2.5 

~----------_.._=r--------------4L3S7f 
53.02 2476000 

~-----------__;_:;_.,._:--------------~L3s6r 
57.24 2337000 

~------------------=-=-""'",...,,---------~l3 s Sf 
65_96B Zl05S::iO 

1870000 

1678740 
1678570 
1678490 

t
~ ~13S3d 3

D 

~ 590063 
589150 
588562 

483144 

Cr XIII(Mg-Sequence) 

~ .... 
c:.n 
,::..N 
• 00 
00 C1) 

~ N 
<:0 
---~ 

n 
3 
~ 

3.0 

J. Phys. Chern. Ref. Data. Vol. 22. No.5. 1993 



1376 SHIRAI ET AL. 

Energy (in lO6cm -l) 

0,5 1.0 1.5 2.0 2.5 3.0 
I T \ I I 

t"' 

.. 3 

"'.92'~~ ~ 

462.95 ~ ~~ 461.69 00 0':1 
451.69 ~ t>,:> 

449.83 <.::0 
....... 0 

O'1_~2 ~ 818130 
811454 3 
805156 ~ 

3FO 

310.55 L3P3:05156 

r r3d 

'D 
" 590063 

589150 
588562 

483144 

-
.. '" 

m 
90.17 l; 90.02 
89.99 1929970 

19Z0470 
1916020 

3G 

[" 'p' 

818730 
811454 
805156 

I I I I , 

Cr XIII(Mg-Seq uence) 

J. Phy&. Chem. Rof. Data, Vol. 22, No.5, 1993 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1377 

Energy (in lO6 cm -l) 

1.0 2.0 3.0 4.0 5.0 

r 
3 

........... 

~~ 
• to 
...... 0::> 
-.,) t.TI 

..... '" (11 0 

< (") 
--3 

~ 

""-N''"' l2p
6

1S 217.38 C 

n Z16.09 C 

2612050 
",,-

I')IW l2p
6

1 S 

It ~6.616: 
96.320" 2612050 

I\)J7w 

It 42.453 LZP
6

7S 

42.205 c 
2612050 

",,-
367.04 C ~2p66S 
363.40 c 

2424470 

"'"., l2p
6

6S 2S 
It 118.30~ 

11 7. ::;(i 2424410 

t"-
11 46 125 I 

45.835 242H70 
I\I'W ep65S 

II 190.99~ 
189.06 2102780 

""- 1\)'-N't.> 

U 
5U64 l2 p

6
5 S 

53.760 2102780 

""-N''''' 
L2

p6
45 

11 
81.838 
80.916 14 78480 

~~ ~~ 
["5P 'po 

2152020 

1579180 
2149290 

2'56500 
1573840 

2 4 2 69 0 

-
"'"., ""-

21.770 
i j 2 p 5 3 s 2 

21.467 l1: 4658300 
4593500 

2po 

[",. 2S 

I 0 

I I I I I 

Cr XIV(Na-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



1378 SHIRAI ET AL. 

Energy (in lO6 cm-l) 

1.0 2.0 3.0 4.0 5.0 
t""" 

3 -- ..... 
wI:>.,) 
00 0 '!""e.o 
- 00 --J U1 
-N 
~ 0 
<:n 
~3 

~ 
N'-
N'W 

12p 6 9p 
35.450 2820870 

~ 18B.25 c L2p
o

8P 
27.«2280 

N'-
N,W 

I 188.13' 
l2 p6 8P 

2742280 

96.065 c l 2p 6 8 P 
2742280 

""-N,,,, 

95.993 c l2 p6 8P 
2742280 

46.452 c L2p sSp 
2142280 

I 
46,415 <.; 2742280 

""-
t~;S8P 2po 

36.466 2H2~Rn 

239.23 c f l2p S7p 
2629090 

N'-
N,W 

239.03 c f l2p6 7 P 
2629090 

lO7.79 c l2p 67p 
2629090 

""w 

107.6g e l2p
6

7P 
2629090 

49.030 c l 2 p 6 7 p 
2bZ9090 

N'-N' ..... 

48.989~ 
l 2 p 67 p 

26.29090 
N'-N'W 

12p 67p 
38.036 2629090 

r ~ ~ r" 'n 
2211080 
2210730 

1701320 

589515 
1700540 

587825 

I I I I I I 

Cr XIV(Na-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1379 

1.0 2.0 3.D 

It 53.690" ~~ 
~.} __________ ~5~3~.6~72~: ________ ~~ 

53.641 'tI 2452060 
2450980 

;r----,...----.I 'tI 

;r-~13~3..:..!<. 2.>L.,O ~-I+ : 
133.06 

""-

2452060 
2450980 

~
2p66P 

+---__ ...!..! O!!..!o2=. 8..>1-,3 ~"'----l+ 
102.71 2452060 

2450980 

"',..., 
t-----------------,-.,.40,.....,.S=0.,.....O ---41 2p

B
Sp 

---------------------------------------'407f82---
2452060 
2450980 

""W 

221.88 c .: 
222.84

c 
E==t""ln :: 

221.49 c ." 
2152020 
2149290 

~
2p65P 

+----,1!..:!.;4 9""",. 0!!....!.7..,....~ ---44 
148.0 2152020 

2149290 

11 n_ -!Hi~--~~ 215"" 
2149290 

NI

-------------------------------------zr-.. tz p 55 p __________________ .. _______________ 1.~._5 ____ _ 
40.408 21520.20 

2149290 

"" 

~~ t [ 0'> en '" ..... .... 
"' Co 

r:: N N 2211080 
'.r> 0 2210730 

2102780 
1701320 

L 
17nn~dO 

589515 
1478480 

5an25 

4.0 5.0 

Cr XIVCNa-Sequence) 
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1380 ~MIHAI 1:, AL. 

N,W 

N'''' 

1.0 

"'Ie.> 

++---""""'"'1'""""01,--. "..,...,,2--.... ' ~ 
,t---~:....:...;..;:.--...... 0> 

++--_......:1;..:..0;:..;,..1. 0.:.,..;;5....--_-++ '\:) 
100.87 

N'Nlw 

2.0 

1579180 
1573840 

-------------------63~539-----,1 2
p

6
4p 

-------------------63~324------~ 1579180 

1573840 

___ ~2p6 3 p 412.04 7P 

---- 389. 86 2 P 
256500 
242690 

!C',. 'D 

~ 589515 
587825 

"""" 
165.74 
165.71 
164.96 

""'" "',..., 

99.413-
99.448-
99.436 

N,w 

85.020" 
85.011-
84.627-

~~ f ~~ ["5' 'po 

N N 2152020 
-0 "TJ 2149290 

o 0 1750080 
1149830 

1579180 
1573840 

256500 
242690 

3.0 

t:-

3 -- .... 
""'w 00 0 
-:--c..o 
- 00 -l 01 
-I'.;) 
~ 0 
<: n 
~3 

2. 

""'" ""'" 
"" 
~ ... 

2755500 
2755380 

,,"'" NIW 

"" '\:)", 

co ... 
2755500 
2755380 

N'w 

'" 'I:) 

'" co ... 
2755500 
2755380 

Cr XIV(Na-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1381 

""N'W 

II 

It 

II 

~~ 256500 
242590 

1.0 
I 

40.018 
40.016~ 
39.796 

NIW 

II 
II 

""-"', ... 
IT 
n 

~~ 

Energy (in lO6 cm-l) 

2.0 3.0 4.0 5.0 
I I I 

r 
3 

~: 
~o 
• to 
..- co 
-.J~ 
..- t'>:) 

Cl> 0 
<: n 
~3 

.:. 
"''''' N'I...J 

~~ 2755500 
2766360 

""'" ""'" 1\l1Y1 

"1.67' ~~ 241.49 C ~ 
241.41 C 

Q. 

2649530 
2649080 

""- N'''' 
I\l,W rv'lJ'I 

201.18' 9~ 
201.00 c ~ 
zou.us c ... 

2649530 
2649080 

N'W 
N"" 

11 .... 
93.467 C 11"", 
93.427" n~ 
93.002- 2649530 

2649080 

""W 
""'" 

41.796~ ~~ 41.788 2D 
41.556 2H9530 

2649080 

N'''' N'W 

"''''' 
"0.49' ~~ 
400.37 c ~ 
400.H e 

Q. 

2485210 
2484990 

"'1- ""<.0> 
""'" 

300.33' !§=t~ 
300.13 c ~ 
297.8g e 

0.. 

2485210 
2484990 

N'W 

"''''' II .... 
110 . .{ 0 '- 11 'O", 

110.37'- IT: 
109.7S c 

2485210 
2484990 

NIW 

N'''' 

44.873 c 

~~ 44.869 
44 . .591 2485210 

2484990 

,... 

~ ["Sf 'F' 
I .... .., 

(J) 

on 

" 2235440 
2235295 '" 2152020 "C 

2149290 
1579180 
1573840 

I I 

Cr XIV(Na-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 



1382 

It 

IVI", 

"'I'" 

E=t~ 
JI 2p 6 3d 

+---1-70-.1-. 2-"--c .... II' 

1.0 , 

169.63 c 589515 

256500 
242690 

587825 

SHIRAI ET AL. 

2.0 

",1- NI'" 

""'" II "" 
II 158.34 c II '0", 

11 J58.t5 - 11 ~ 
151. OIl.. 

"'.'" 
;\'171<- ~~ 51.162 
50.812 

[
.~ [2P6H 2F' 

N L 1750080 
" 1149830 

o 1519180 
1573840 

2211080 
2210730 

2211080 
2210730 

3.0 
I r 

3 

~::;: 
~co 
- 00 
-J U1 

- N 
~ <0 
<: n 
~3 

..:. 

+-----------,.,0--:-::--------+' L2p 6 1 0 r 
43.60 2883000 

+----------,..,,.--.-,,--------4L2p6g r 
44.59 2832000 

I I 

Cr XIV(Na-Sequence) 

J. Phya. Chem. Ret. Data, Vol. 22, No.5, 1993 
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SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1383 

""w ",,1,/1 

1.0 

N'''' "''''' 

2.0 

1 0 . 50'-
104.50-

1 04." 2 

""(11 
",hI 

'" '" '" 

"''''' '\>I..J 

3.0 

3 
~ ... 
~~ 
'f"'c.o 
...... 00 
-.J <:Jl 
-I'.:> 
~ 0 
< n 
..... 3 

.:. 

2658280 
2658215 

4 a.:I 4 0 c· ~~ 48.338 
48.300 2658280 

llt------~~ 

r-lIW 

""'" 

If 

~~ 
N'W 

IV'UI 

589515 
587825 

2658215 
I\)'UI 

347.01 c ~ 
346.77 c .... 

30.19
c q""'" ~ 

2499260 
2499105 

1\), ..... 

""'" 

~~.3671: 
52.363 

2.321 

1\)'''' N'''' 
""UI 

N'..J 

N 

187.30 ... 
'" 87. 7 '" 

187.02 

N'UI 
N'..J 

""UI 
IV'..J 

'" '" '" a> 

2499260 
2499105 

NIIJ"I 

~~ 2499260 
2499105 

2236HO 
2235295 

2235440 
2235295 

~
:O:N [2PE;Sd 20 

L 2211080 
2210730 

1701320 
1700540 

N,UI 
MI...J 

~~=====:::B 6-:'. 1=,8 3~'-===~ ~ B 6.164 
86.059 1750080 

1749830 

4.0 5.0 

Cr XIV(Na-Sequence) 
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1384 SHIRAI ET AL. 

Energy (in lO6 cm-l) 

1.0 2.0 3.0 4.0 5.0 
r 
3 

Ww 
00

0 'f>"te 
- 00 -.J CJ1 

- N Cl> 0 
<: (") 
--3 

~ 

N,", N'''''' 2G ""'" ,,"'" 
205.01 

tI ~"'5' 204.91 
2237860 
223; 850 

["" 'F' 

1750080 
1749830 

I I I 1 I 

Cr XIV(Na-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1385 

Energy (in lO6 crn -l) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 , I I I r-

0 3 
l2s2p63S 

104.59 5749300 

.-- ..... 
0 00 ............ 
0'-"" ..... 

l2S2p63S 
97.87 5749300 

O'.l 0 
(b 0 
<0 IS C"l 
---3 

I -l["'P" 'P1 n)3, 
(H)o 

,793200 
4 27500 

I -
(~.~ )0 2 s 2 2 p 5( 2 p:; / 2 ) 3 s 

-
-
I 2s2p 6 3p 

16 s 9 9 5::121000 

-
J-__________ -.....".....,,..,,...... __________ ..... l2 s 2p 6 3p 

16.965 5894500 

r 
I I I I I 

["'P"'PI/,)3P 'Il' 

4926429 

l. ~c",p1n)3p ~ 5041714 
5039971 
5020941 

4727500 

I I I I I 

-

1 1 (_ , _)0 
2 2 

Cr XV(Ne-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



1386 SHIRAI ET AL. 

1.0 2.0 3.0 4.0 5.0 6.0 
I I I 

-N 

It 
73.SH 
73. 2 
72.692 

"'<.oJ 

11 72.511 
11 72.157 

71.845 

70.728 
70.(28 

"'-
• ________ ~:_;__w_;_;;_-------_f1112pS(2pO )3$ 
'1""21. 213 3/ Z 

-----------------------rCi!!--------------------- ~727500 
~714294 

I I I I 

7.0 8.0 9.0 
~ I 

" 
N_ 3 

l2.'('Pl/,". ........ ... 
~oo .......... 
oCJ1 . .-

6346291 0'l0 
6340270 C'D 0 

N 
<:0 

C'l 

ii2p5(2P3/2)h 
'-3 

.:.. 
Il 
l:: ~u~n~ 
N_ 

~2p '(' P l n '" 

6346291 
6340270 

I '2 P5(2P3/z)3P 2(~) 
2p5(2p3/Z)3p 2(~) 

I I I 

Cr XV(Ne-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 

3 1 (_ • _)0 
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-



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1387 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
I I I r I 

-. 
0_ :3 -

I ~"", P ld" ............ 
61. 746 ;;00 
Gl.GSS 

..... .-
6548779 ~~ 6545969 0:.= 

- 0_ ~ = <:0 

..... ,' ~2""'ln13d 
C"l 

~:3 

305.83 .!.. 
300.30 

5259419 
2 ( ! )0 5253448 

- 2 

19 _ 015 
12 p 5(2p3/2)3d 

:;Z59419 

0 

~ 
[' ',' 'l/,)3, 2( ~) 

5014563 
4926429 

a 

-
N 

'" t 75.886 
L2p5( 2P 3n)(f 

6607601 

N '" 
I 14.813 

L 2p 5(2 p j/2)4f 
6607601 

0_ 

1I"'2 p5(2pO )(f 

IT 74.209 11 3/2 

JT 74.173 -n 
73.884 6607601 

6606943 
-", -

t 58.469 r""'1n l4
' 

58.194 6511590 
6503510 

N_ -N 

II 58_350 ~"""ln'" 
57.775 6445145 

6441300 
2 ( ~ ) 

0 -", 

ij"""ln l3, 
2 

439.15 
422.33 
,(02.346 

5041714 
5020941 

", -", 

411.28 ~2""'.ln)3' 392.81 
373.487 

4982062 
4970636 

// ,? 

I I" " '" 13" ~ ", 

~ 
J""PI/,'3d 

2(~ )0 

3/2 2 '2 
2p5(2p~/2)3s (~,~)O 

5289794 2 p 5(2 P3n )3d 2(~)O 
5270945 

, g~~~~U 2p5(2p~/2 l3d 2(~)0 

4793200 
4784174 , 

4727500 
014294 

I I I I 

Cr XV(Ne-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



1388 SHIRAI ET AL. 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 
I I I I I 

r--

3 _. 
I 2p5(2 pJ / zl6d -.. .... 

13.294 ;;00 7524000 --- OUl 

I Cn~ 2p5{2p~/2l6d 
(1) 0 

13.416 <0 7452000 n 
...... 3 

I .!.. 2p5{2p~ /2 )5d 
13.862 7215000 

-
12 p 5(2p3/z)5d 

13.991 7148000 

1 2p G(2t'i/z)4 d 
15.06 6641000 

- I\l 

! 63.061 
L2 p5(

2P t /2)4d 
6625741 

l2p5(2p3/2 Hd 
15.21 6577496 

-", "'_ 

It 63.637 [' ','Pl,," d 

62.233 6577496 
6553480 

N -
I 61.460 

L2p 5( 2P3/2)4d 

2 ( ~ JO 6553480 

- 2 
--------------------------il:491----------------------__ ~2pS~:~~~~~3d 

N N 

320.13 +-t2p5(Zp!/Z}3d 
5354045 

N 

318.439 ~2p5(2PI /2 }3d 
5354045 

- "'-"'. " lEt' ""'l,,)3d 290.18 

H~~§~~ 
-

--------------------------is:78Z----------------------_~2p5~~~~~~~3d 

3.(6.189 ~2p5(2p~/2l3d 
5270945 

0 ,(? 

I I 5 2 2 3 

f 
~""Ph'" 

2( ~) 
2p (P3/2)3p (;) 

2p 5(2p 3/2 l3p 2(~) 

5
5
0
0
3
4UN 2p S(2Pt /2 )3p 2(~) 

5014563 

~n~~~~ 
4ntiUli 

0 

-
w w 

I 75.605 
l 2P 5( 2p'I / 2}4f 

6679495 

2 [ ~ J 

C'" ,; /,l3d 
2( ~)O 

2 

5356170 

I I I I I I I 

Cr XV(Ne-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIUM 1389 

1.0 2.0 3.0 

Energy (in lO6 cm -l) 

4.0 5.0 6.0 

"'-

1I 78.625 
75.446 

76.162 

II 77.874 
74.695 

N "'w 

440.722 ~-2 p 5(
2p

3/2)3p 
416.59 
405.035 

4901197 
4954368 

7.0 8.0 9.0 

l' 

"'w 3 

r,"'Pln l4 ' § ~ 
6679495 0 <:..n 
6678200 ~;; 

~ 0 
w <:0 l 2p 5(2p)/2Hf 

(') 

....... 3 
6609778 ~ N 

w 

~2'" 'P; n)41 
6609778 
6608300 

~ ~r":~::3'::' ~ 5354045 
5324200 

5296812 
5270945 

4727500 
4714294 

-N 

It 63.061 
62.378 

62.958 

6 2.318 

_ "'w 

N 5 2 I 

317.682 ~2P ( P3/2)3d 
313.319 

5296812 
.5269194 

~~~
2P5(2PI/2)3P 

5041714 
5020941 

4982062 
4970636 

4961187 
4954368 

N
W 

l""'Plnl4' 

Unnt 
'" l 2 p 5(2 p )/2)4d 

6559009 

'" l 2 p 5(2 p )/2>4d 
6559009 

I 12p5(2p)/2)3P 2(~) 
2p5(2p3/2)3p 2(~) 

Cr XV(Ne-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



1390 ~HIRAI ET AL. 

Energy (in lO6 cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 , I I I I I T T 
!: 

"'w w ... 3 _. 

II p.670 ~"'('Pl/"" § 00 

5.241 <:Ji 6678300 0 
6677634 Cr, 0 

'" Cl> 0 
N..., .. <0 r' ','P!/2 '" 

n 

It 76.125 
-3 

75.743 ~ 6610470 
6610006 

"w 
w 

1I"'2 p 5{2P3/2)4! 
2 ( ~ J IT 75.084 TI 

II 7 fl. 054 IT 2 
74.738 ~ UI8~6~ 

,.,;; 

1'2pS{2P)/2l3d 2(;)0 lr ',' P 
1

/2>3 d 

2( ~)O 

2pS(2p~/2l3d 2(~)O 

5356770 
5348574 

5296812 
5289794 

5278128 
5272468 

"'", .. 
II 62.842 

11 2 p 5( 2 P 3/ " ) H 

IT 62.754 1I 
62.485 l:: 6554730 

6552477 

321.'" ij,"'.P!/2'3d 
2 ( ~ JO 315.51 

308.895 
5278128 2 
5272468 

[""Pl/2>3 , 2( ~) 

'961187 
4954368 

-
.. 

76.371 
L2 p S{ 2P 3n)(f 

6606203 

2 ( ~ J "w 
... 
'" 

II n.297 ~" "'P!/2 '" 2 
74.975 

~~~~~g 

I I I I I I I 

Cr XV(Ne-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 



SPECTRAL DATA AND GROTRIAN DIAGRAM5 FUR HIGHLY IUNI£t:U (;HROMIUM 1391 

1.0 2.0 3.0 4.0 5.0 6.0 
I , , , J 

N'-

~~~----------------------------}+:ii~~-----------------__________ t2 
s 2: ~ :~1 ::3 d 

N'-+-"'_'_-__________ ---;-;:;--n"';;-;;-________ --;l 2 s 2 2 p 4( 1 s )3 s 
I 19.038 1 

18.775 5323500 

1 2s2p 6 

Lt+-_-__ -.-.-.-•• -.-+j ~ ~ ~: ~ ~ 
r' -L 937940 

1\)1_ NIc..J 

+--___________ --:-:;-;:-;;-;::__-----------+1 2s 2 2p4( 1 0 l3d 

4-----------------~------~-----~i~~~~~---------------------------~ 5756200 
N,_ 
IIN~:22p4(3Pl3d 

+--1--------------~17~.~99M3:---------------+J11 

I 17.856 Il 
17.633 IL 5671200 

L... 5628500 

""-
N'W 

""-
.---------------::-r-"""'"':------------., 2 s 22 p 4e P l3 s I 19.807 
1 19.714 

~---------------------·-·------ii:~t~--------·------------ ~ 
'--

5143(00 
5118200 

N'W 

""-

7.0 , 

+-
t ____________ ~*i=-----------__U~2 s 2 p 5( 3

p
' )3s ~ 19.951 _ 

19.807 5986600 
5950200 

2p·,12S2p625 

L 937940 

I I I J I 

Cr XVI(F-Sequence) 

8.0 9.0 , 
l' _. 
3 -. --- ,... :;00 

c.c oo 
-l~ 
G 0 
<:0 

0 
~o 

("') 

3 
.!. 

2S 

-

2p 

-

I 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



1392 SHIRAI ET AL. 

1.0 2.0 3.0 4.0 5.0 6.0 
I 

N'''' 
NI- NIW 

+--___________ ---:-:;-;;;-;;-___________ --1411 2522 p4( IS }3d 

H-------------------------------tr~}~-----------------------------11 
17.034'- IL 5870600 

L 5857200 

N'''' 
.. _N_'-___________ ---,-,.---..-.,-,-___________ ,.I.I1N~~22P4( 1 D)3 d 

] 17.514 11 

~-------------------------------[r1~~~--------------------------- 5780500 
5157100 

1\)'-
N'W 

N'''' 
1t--------------;-;;-~;__----------_+1I1 2s22 p4( 3 P)3 d 
1 17.931 II 
] 17.704 11 

17.603 ]L 5680800 
L 5648100 

N'", N,,,, 

t:~~---------------------------JJ"2%t-----------------____ ~2.'2P.('D)'. 
19.2 5196100 

5193500 

NI<" 

t-___________ --;-;,--;;-::;-:-___________ ... 1 2 s22p~{ 3 P )3d 

17.611 5659000 

",W 
NI.... NIl1' 

1.,------------"'""'18::-. ..,..0.....,17....------------H1 2s
2

2p 4(3p )3d 

I 11.833 
] 17.793 

17.730 

N'''' N'W 

.... l:lti 4UZUU 
- 5620600 

- 5607600 

NI- Nt-

1+-------------.,...,19::-. ..,..9:<"":95,----------141 2s22p4( 3p )35 

] 19.847 
19.807 
19.714 ..... 

-, 

,II' l\)1U"I 

t-----------_--::-::--:;'C~-------_--~l 2so2p"(~P )3d 
17.785 5622700 

I I 

Cr XVI(.F-Sequence) 

J. Phys. Chern. Ref. Data, Vol. 22, No.5, 1993 

7.0 8.0 

I 

9.0 

3 
.......... 
;;00 
<:0 00 
-J<:.n 
~ 0 

<~ 
-- 0 

(") 

3 
~ 

I 

-
2F 

-

4p 

-



SPECTRAL DA I A ANU liHU I HIAN UIAliHAM:::; t"UH MluML Y IUNI£~U \,;MHUMIUM 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
T 1 I 

r' _. 
<;J 

3 _. 
-

129.78 I L2p
6 ............. 

-~ 1886850 00 <:..n 
C.11m 

0 - (1) 0 

~ L 2 p 6 
<0 

97.20 
0 

1886850 ....... 0 
n 

",0 3 
+-l2s22P4 781.42 c ~ 

262970 

0 IS 
~2s22P4 493.8 

262970 

" 
,.. 

I '2S 22 p 4 3p lr l C'P' 
I pO 

~ ,,,n','240 
2s2 p 5 3po 

6b~~~98 

0 
L2s2 2P 3(2 p O )3s 

I 18.389 5700700 

-
'" 
+ 17.968 

L2s22p3{2pO )3s 

5700700 

-0 

I L 2s2p S 117.20 
1116240 

-'" 
I l2S2 p S 101.91 

1116240 

0_ 
ipo 

I~ 

III 94.69 T ~ 
III 94.49 T '" '" 89.586" 1116240 

,? 

1'2S22p43P 
'" 

IL"'P' 
IS 

2s22p4 10 

262970 
134998 

60376 
58070 
() 

~2S22P4 1 g&O 7 ID 
140.75 

134998 

-
N '" 
I 12.909 

.,j. 
l2s22P3(200 )4d 

7882000 

'" '" 
I 18.336 

L2s 2 2p 3{20o )3s 
5588700 

in° 
-

I 2s 22p 3(2 0 o )3s 
II 18.089 c T 

17.893 c 
5588700 

I I I I I 

Cr XVII(O-Seq~ence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



1394 SHIRAI ET AL. 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
I I I I I I I I 

t""" _. 
3 

'" L2S2 2P 3(2 0 0)3d 
_. 

t 
....... ...-

16.696 .- co 6124400 00 0:..'1 

<oJ 
U1 0) 

(!) 0 

-----------------------------i6~328'~-------------------------1..2 S 2 ~~ ;~24~~)3 d 
<0 

0 
..... 0 IFO n 

3 

'" L 
.:. 

l ["'" 10 .. 
'" N .., 

134998 :: 0 

-
c_ -

1 Z, 2 2p 3('S· )3s 
1 R.5 31 

~-------------------------i{~~jt-----------------------~ 5455000 

3So 

'" ["' .. 3 p 

60376 
58010 
0 

-
c_ 

~"".. 1122.1' 3p 1656.3 
60316 
58010 

-
N 

12s 2 2 p 3(2 p o)3d 
16.31 6131000 

-4 2S2p5 
168.02 c 

858120 
N 

~2S2P5 141.40 
M 813540 

0_ -0 

N 
132.76 .. 

N 125.35 "'", 125.00 ------ 122.91 3po 
120.84 ------ 116.53 

887920 
'-- ~UHg '--

~ 

I l." •. '" 

l["'" 
IS 3p 

2s 2 2p 4 10 

262910 
134998 

60376 
58070 
0 

I I I I I I I 

Cr XVII(O-Sequence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



SPECTRAL DATA AND GROTRIAN DIAGRAMS.FOR HIGHLY IONIZED CHROMIUM 1395 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
I T I I r I J 

r-
w_ -. 

0_ 

Ill'" 2 s: 2 p 3( 2 P ° )3 d 
3 _. 

2'"" 
111 16.31 fTI '- ~ 

111 1(1.249 m "" 01 c:.n O'l 

I" 16.221 rl: 6214600 (1) 0 

6189000 <0 = - 6164800 ~= 
(") 

3 
w 

'" ..:. ; 
16.84 C 

L2s22p3(2DO)3d 

6074000 
N

w 

[----------------------------J2"~t-------------------________ ~2"2P"'D.)'d 1 6 . 4 6 0 -{ H 00 
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-
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... ,.., 
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00, ... 
N'''' IIN~:~p2 

!fJ 2.2016 n 20 2.1982 iUa888 

-

~ ~ 
L"" 'po 
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Co> 
." 

105HOOO 
N nU888 "'0 

!HU% 
-

NI<" 
~.~ 

II 2.18(6 L1sh3d 
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2n° 

["3d '0 
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N'''' 
N,-.> 

2po I 2.1834 
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, I 
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4.0 5.0 6.0 

r--
S· - ... 

~~ 
~~ 
• 01>
.::. 01>
~o 

<0 
-~ 

9 
2. 

t-l1
•

5
.( 58005800) 

24.2620 L--l 1 s 5 s 
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+---------:---+Lts 51 
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+--_~~:-:-=-+ll s h 
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[
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---------------------------------r7235st--------------------~--------1_106~58019400) 
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Energy (in lO7cm-l) 

1.0 2.0 3.0 4.0 5.0 6.0 
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1.0 2.0 3.0 4.0 5.0 6.0 7.0 
I I I I I I I 

l'" 

3 - .-
-.J 
000') 
tOW 
~O') 
• -.J 
00 <:J1 
-.J to 
ClO 0 
<:0 

(") 

-3 
~ 

(6114209il 

7.45220 C l: (61142091) 

11>1"" 

~--------------------------------------------------------------1-.6-3-55-3-(~c--~I: 
(61142091) 

(59715866) 

(59715866) 

---------------------------------------------------------------------------i~674597~--~: (59715866 ) 

(56634762) 

(56634762) 

::::::::::::::::::::::::::::::::::::::f~{~~i~;:::::::::::::::::::::::::::::::::::1i:~ f!!!~:6!!l 

B30.B6S e +l~ 
11>1-

NI'" 

((7843596) 

:::::::::::::::::::::::::::::::::::::1f~1!ii::::::::::::::::::::::1i:~ fll!l~f~8l 

r (47723240) 

I 
Cr XXIV(H -Sequence) 

J. Phya. Chem. Ret. Data, Vol. 22, No.5, 1993 

( 56599131) 

I I 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CHROMIU 1421 

1.0 2.0 
I 

I I 

3.0 4.0 
1 I 

I I 

5.0 6.0 
I 

"'I ... 

.-.. r+ 

-JO') 

~w 
",,-0') 
• -.j 
00 CJl 
-J to 
o 0 
<:0 
-3 

I 

7.0 

22.1733 c t--V~: 
(61144683) 

1 tlt71 
1,51818~ (61144683) 

(59720929) 

(59720929) 

11. 35 9 6 e '" ~~ ( 56 6 ( 67 5 5 1 

27 28.75 c +l': 
(56634696 ) 

I~ ~~ 
L ((7843596) 

(61145978) 

(59723456) 

~ (56646755) 

I I I 

-

Cr XXIV(H -S'equence) 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 



1422 SHIRAI ET AL. 

7. References for Tables and Comments 
I J. O. Ekberg, Phys. Scr. 7, 59 (1973). 
2E. Alexander, U. Feldman, and B. S. Fraenkel, J. Opt. Soc. Am. 55, 
650 (1965). 

3 A. H. Gabriel, B. C. Fawcett, and C. Jordan, Nature 206, 390 (1965). 
4P. G. Kruger and S. G. Weissberg, Phys. Rev. 52, 314 (1937). 
sA. H. Gabriel, B. C. Fawcett, and C. Jordan, Proc. Phys. Soc. 87, 825 
(1966). 

6U. Feldman and B. S. Fraenkel, Astrophys. J. 145, 959 (1966). 
7R. D. Cowan, Astrophys. J. 147, 377 (1967). 
sB. C. Fawcett, J. Phys. B 3, 1732 (1970). 
9J. O. Ekberg, Phys. Scr. 8, 35 (1973). 

lOp. G. Kruger and S. G. Weissberg, Phys. Rev. 48, 659 (1935). 
HE. Alexander, U. Feldman, B. S. Fraenkel, and S. Hoory, Nature 204, 

176 (1965). 
lZU. Feldman, B. S. Fraenkcl, and S. Hoory, Astrophys. J. 142, 7l1J 

(1965). 
13W. J. Wagner and L. L. House, Astrophys. J. 166, 683 (1971). 
14J. O. Ekberg, Phys. Scr. 13, 245 (1976). 
ISS. O. Kastner, A. M. Crooker, W. E. Behring, amI L. Cuhell, Phys. 

Rev. A 16,577 (1977). 
16S. G. Weissberg and P. G. Kruger, Phys. Rev. 49, 872 (1936). 
17R. Smitt, L. A. Svensson, and M. Outred, Phys. Scr. 13, 293 (1976). 
IHK. P. Dere, Astrophys. J. 221, 1062 (1978). 
19B. C. Fawcett and A. H. Gabriel, Proc. Phys. Soc. 88, 262 (1966). 
20G. E. Bromage, R. D. Cowan, and B. C. Fawcett, Phys. Scr. IS, 177 

(1977). 
21B. Edlen, Z. Phys. 104,407 (1937). 
22B. C. Fawcett, R. D. Cowan, and R. W. Hayes, J. Phys. B 5, 2143 

(1972). 
23B. C. Fawcett, J. Phy~. B 4, 1577 (1971). 
24J.H. Dave, U. Feldman, J. F. Seely, A. Wouters, S. Suckewer, E. Hin

nov, and J. L. Schwob, J. Opt. Soc. Am. B 4,635 (1987). 
2SB. Edlen, Z. Phys. 104, 188 (1937). 
26B. C. Fawcett, R. D. Cowan, and R. W. Hayes, Supplementary Pub

ulication No. SUP 70005. 
27J. T. Jefferies, F. Q. Orrall, and J. B. Zirker, Solar Phys. 16, 103 

(1971). 
28G. D. Sandlin, G. E. Brueckner, and R. Tousey, Astrophys. J. 214; 

898 (1977). 
29U. Feldman and G. A. Doschek, J. Opt. Soc. Am. 67, 726 (1977). 
3{'B. C. Fawcett and N. J. Peacock, Proc. Phys. Soc. 91, 973 (1967). 
31B. C. Fawcett, A. H. Gabriel, and P. A. H. Saunders, Proc. Phys. Soc. 

90, 863 (1967). 
33L. A. Svensson, Solar Phys. 18,232 (1971). 
33J. T. Jefferies" Mem. Soc. Roy. Sci. Liege. 17, 213 (1969). 
34F. Magnant-Crifo, Solar Phys. 31, 91 (1973). 
3sE. Trabert, P. H. Heckmann, R. Hutton, and I. Martinson, J. Opt. 

sO(;. Am. D S, 2173 (1988). 
36S. O. Kastner, M. Swartz, A. K.. Bhatia, and J. Lapides, J. Opt. Soc. 

Am. 68, 1558 (1978). 
37U. Litzen and A. Redfors, Phys. Lett. A 127, 88 (1988). 
38A. Redfors and U. Lit7en, J. Opt. Soc. Am. B 6, 1447 (19R9). 

39B. Edlen, Z. Phys. 103,536 (1936). 
4OB. C. Fawcett, R. D. Cowan, E. Y. Kononov, and R. W. Hayes, J. 

Phys. B 5, 1255 (1972). 
41U. Litzen and A. Redfors, Phys. Scr. 36, 895 (1987). 
42N. J. Peacock, M. F. Stamp, and J. D. Silver, Phys. Scr. T8, 10 (1984). 
43y. E. Levashov and S. S. Churilov, Opt. Spectrosc. 65, 143 (1988). 
44A. Redfors, Phys. Scr. 38, 702 (1988). 
4SS. S. Churilov, Y. E. Levashov, and J. F. Wyart, Phys. Scr. 40, 625 

(1989). 
46K.. G. Widing, G. D. Sandlin, and R. Cowan, Astrophys. J. 169,405 

(1971). 
47L. Cohen and W. E. Behring, J. Opt. Soc. Am. 66, 899 (1976). 
4KM. C. Buchet-Poulizac, J. P. Buchet, and S. Martin, J. Physique 47, 

407 (1986). 
49J. Reader, Y. Kaufman, J. Sugar, J. O. Ekberg, U. Feldman, C. M. 

Brown, J. F. Seely, and W. L. Rowan, J. Opt. Soc. Am. B 4, 1821 
(1987). 

J. Phv8. Chem. Ref. Data. Vol. 22. No.5. 1993 

soc. Jupen, L. Engstrom, R. Hutton, and E. Trabert, J. Phys. B 21, 
L347 (1988). 

SIK.. D. Lawson and N. J. Peacock, J. Phys. B 13, 3313 (1980). 
s2B. Edlen, Z. Phys. 100, 621 (1936). 
S3U. Feldman and L. Cohen, J. Opt. Soc. Am. 57, 1128 (1967). 
s4B. Edlen and F. Tyren, Z. Phys. 101, 206 (1936). 
sSF. Tyren, Z. Phys. 111, 314 (1938). 
s6M. K1apisch, A. Bar Shalom, J. L. Schwob, B. S. Fraenkel, C. Breton, 

C. de Michelis, M. Finkenthal, and M. Mattioli, Phys. Lett. 69A, 34 
(1978). 

57D. L. McKenzie and P. B. Landecker, Astrophys. J. 254, 309 (1982). 
SSM. Swartz, S. Kastner, E. Rothe, and W. Neupert, J. Phys. B 4,1747 

(1971). 
S9c. Jupen, U. Litzen, Y. Kaufman, and J. Sugar, Phys. Rev. A 35,116 

(1987). 
(,I'C. Jupen and U. Litzen, Phys. Scr. 30, 112 (1984). 
61C. Jupen and U. Litzen, Phys. Scr. 33, 509 (1986). 
62J. P. Buchet, M. C. Buchet-Poulizac, A. Denis, J. Desesquelles, M. 

Druetta, S. Martin, and 1. F. Wyart, J. Phys. B 20, 1709 (1987). 
63S. O. Kastner, Astrophys. J. 275, 922 (1983). 
(
r4M. Finkenthal, P. Mandelbaum, A. Bar-Shalom, M. Klapisch, J. L. 
Schwob, C. Breton, C. De Michelis, and M. Mattioli, J. Phys. B 18, 
L331 (1985). 

6SS. O. Kastner, W. E. Behring, and L. Cohen, Astrophys. J. 199, 777 
(1975). 

66B. C. Fawcett, G. E. Bromage, and R. W. Hayes, Mon. Not. R. As
tron. Soc. 186, 113 (1979). 

67E. Hinnov, S. Suckewer, S. Cohen, and K. Sato, Phys. Rev. A 25, 
2293 (1982). 

68M. Finkenthal, R. E. Bell, H. W. Moos, and TFR Group, J. Appl. 
Phys. 56, 2012 (1984). 

69B. C. Fawcett, J. Phys. B 4, 981 (1971). 
70G. A. Doschek, U. Feldman, R. D. Cowan, and L. Cohen, Astrophys. 

J. 188,417 (1974). 
7lc. Breton, C. De Michelis, M. Finkenthal, and M. Mattioli, J. Opt. 

Soc. Am. 69, 1652 (1979). 
72U. Feldman, G. A. Doschek, R. D. Cowan, and L. Cohen, J. Opt. 

Soc. Am. 63, 1445 (1973). 
73L. Cohen, U. Feldman, and S. O. Kastner, J. Opt. Soc. Am. 58, 331 

(1968). 
74N. Spector, A. Zigler, H. Zmora, and J. L. Schwob, J. Opt. Soc. Am. 

70, 857 (1980). 
7SG. A. Doschek, U. Feldman, J. Davis, and R. D. Cowan, Phys. Rev. 

A 12, 980 (1975). 
76G. A. Doschek, U. Feldman, and L. Cohen, J. Opt. Soc. Am. 63,1463 

(1973). 
77B. C. Fawcett and R. W. Hayes, Mon. Not. R. Astron. Soc. 170, 185 

(1975). 
78B. Denne and E. Hinnov, J. Opt. Soc. Am. B 1,699 (1984). 
79U. Fehlman, O. A. Do~c;hek, R. D. Cowan, and L. Cohen, Astrophys. 

J. 196, 613 (1975). 
HOE. Hinnov and S. Suckewer, Phys. Lett. 79A, 298 (1980). 
SIB. Edlen, Phys. Ser. 31, 345 (1985). 
82TFR Group, J. Dubau, and M. Loulergue, J. Phys. B l!\, 1007 (19Rl). 
83G. A. Doschek, U. Feldman, and L. Cohen, J. Opt. Soc. Am. 65, 463 

(1975). 
114B. Edlen, Phys. Scr. 28,483 (1983). 
8SJ. Sugar and C. Corliss, J. Phys. Chem. Ref. Data 14, Suppl. 2 (1985). 
H6p. G. Burkhalter, G. Charatis, P. D. Rockett, and D. Newman, J. 

Opt. Soc. Am. B I, 155 (1984). 
!17K. G. Widing, Astrophys. J. 197, L33 (1975). 
KKG. D. Sandlin, G. E. Brueckner, V. E. Scherrer, and R. Tousey, As

trophys. J. 205, L47 (1976). 
89E. Hinnov, Astrophys. J. 230, L197 (1979). 
<JOY. A. Boiko, S. A. Pikuz, U. I. Safronova, and A. Ya. Faenov, J. Phys. 

B 10, 1253 (1977). 
91y. A. Boiko, A. Ya. Faenov, and S. A. Pikuz, J. Quant. Spectrosc. 

Radiat. Transfer 19, 11 (1978). 
92y._K. Kim, W. C. Martin, and A. W. Weiss, J. Opt. Soc. Am. B 5, 

2215 (1988). 



SPECTRAL DATA AND GROTRIAN DIAGRAMS FOR HIGHLY IONIZED CROMIUM 1423 

93K. G. Widing and J. D. Purcell, Astrophys. J. 204, L151 (1976). 
94J. P. Grandin, M. Huet, X. Husson, D. Leder, D. Touvet, J. P. 

Buchet, M. C. Buchet-Poulizac, A. Denis, J. Desesquelles, and M. 
Dructta, J. Physique 45, 1423 (1984). 

95R. J. Knize, A. T. Ramsey, B. C. Stratton, and J. Timberlake, The 
Sixth Topical Conference on Atomic Processes in High Temperature 
Plasmas. (1987). 

96E. Hinnov, the TFrR Operating Team, B. Denne, and the JET Op
erating Team, Phys. Rev. A 40, 4357 (1989). 

97S. Goldsmith, U. Feldman, L. Oren, and L. Cohen, Astrophys. J. 174, 
209 (1972). 

9!1E. V. Aglitskii, V. A. Boiko, S. A. Pikuz, and A. Ya. Faenov, SOy. J. 
Quant. Electron. 4, 956 (1975). 

'»y. A. Bryzgunov, S. Yu. Luk'yanov, M. T. Pakhomov, A. M. Potapov, 
and S. A. Chuvatin, SOY. Phys. JETP 55, 1095 (1982). 

1IKtM. L. Apicella, R. Bartiromo, F. Bombarda, and R. Giannc\la, Phys. 
Lett. 9SA, 174 (1983). 

IOIP. Beiersdorfer, M. Bitter, S. von Goeler, and K. W. Hill, Phys. Rev. 
A 40, 150 (1989). 

l02E. V. Aglitsky, P. S. Antsiferov, S. L. Mandelstam, A. M. Panin, U. 
1. ~atronova, ~. A. UHtin, and L. A. Vamshtein, l'hys. ~cr. J~, UO 
(1988). 

I03S. Morita, J. Phys. Soc. Jpn. 52, 2673 (1983). 
104S. Morita and J. Fujita, Nuel. Instrum. Meth. Phys. Res. B 9, 713 

(1985). 
1050. W. F. Drake, Calculated transition frequencies for helium-like ions, 

unpublished (1985). 
1It6G. W. Drake, Can. J. Phys. 66,586 (1988). 
107L. A. Vainshtein and U. I. Safronova, Phys. Ser. 31, 519 (1985). 
WIIW. R. Johnson and G. Soff, Atom. Data and Nuel. Data Tables 33, 

405 (1985). 
109p. J. Mohr, Atom. Data and Nuel. Data Tables 29, 453 (1983). 
l1OG. W. Erickson, J. Phys. Chern. Ref. Data 6, 831 (1977). 
IllW. L. Wiese, M. W. Smith, and B. M. Glennon, Natl. Stand. Ref. 

Data Ser., Natl. Bur. Stand. (U. S.) 4, Vol. I, U. S. Govt. Print. Of
fice, Washington, D.C. (1966). 

mG. A. Martin, J. R. Fuhr, and W. L. Wiese, J. Phys. Chern. Ref. Data 
17, Suppl. 3 (1988). 

113S. M. Younger and A. W. Weiss, J. Res. Nat!. Bur. Stand. Sec. 79A, 
629 (1975). 

114M. Finkenthal, R. E. Bell, H. W. Moos, and TFR Group, Phys. Lett. 
88A, 165 (1982). 

J. Phys. Chem. Ref. Data, Vol. 22, No.5, 1993 


	No.461.pdf
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	





